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ELEMENTARY EXPERIMENTS in SUBJECT VIII. 



L— SOUND AND WAVES. 



N.B. — The nurnhera m hrackets in this list refer to the ^a/ragrwphs of 
the list of o/p^paratus <md material; s. a. signifying sov/nd appa^ 
ratus, J). 10. 

Waves. 

Transrmssion amd Beflesdon of Transverse Motion in Elastic Cords. 

1. An empty vulcanized caoatchouc tnbe 12 feet long is fastened 
to the ceiling at one end, and is held at the other in the hand in a 
nearly vertical position. Strike it with the other hand. A half wave 
travels along and conies back reversed (s. a. 1). 

2. Two similar tubes, equally stretched, are similarly and simul- 
taneously struck ; rate of motion of displacement is the same (s. a. 1). 

3. Stretch one more than the other, keeping each at its full length. 
Compare time of wave from end to end. Compare rate of wave by 
making the unequally stretched strings of equal length (s. a. 1). 

4. Fasten one empty and the sand-filled tube side by side. Stretch 
'equally and take equal lengths. Compare rates of wave motion. 
Stretch sand-filled tube till the rates are equal, taking equal lengths 
(s. A. 1). 

5. Fasten an .empty and the sand-filled tube end to end and fasten 
the end of one to the wall. Send a half wave up the other. Notice 
change of rate and change of amplitude when the half wave passes 
from one to the other ; also after reflexion (s. a. 1). 

6. Make the half wave with either of the tubes longer and longer 
by shaking the end more slowly until the front of the reflected half 
wave meets the front of the next advancing half wave in the middle 

'^ of the tube. Formation of node in the middle. Wave length equal 

to length of tube. Formation of one complete stationary wave. 
With half rate of excitement the tube swings as a whole, and the 
wave length is double the length of the tube. By quicker motion 

>i break up the tube into segments separated by nodes. Eepeat with 

differently stretched and loaded tube (s. A. 1). 



Tra/nsmission a/nd Reflexion, of Transverse Motion in Liquids^ Water' 
} Waves. 



-^ 7* Examine motion of water in trough (s. a. 2). Fill trough nearly 

. full of water, place chips of cork along edge of water, depress and 

i elevate block (s. a. 2) at one end of trough and watch the motion of 

the floating cork chips. Substitute little beeswax balls mixed with 

iron filings till they just float and place them at various depths. 

erve me closed curves in which the balls move. 

Take the two circular zinc troughs (s. a. 3). Nearly fill with 

.^r. Set the water swinging (oscillating) in various ways in both 

aghs (a) by tilting them, producing a nodal line in the middle, (b) 

ZLOving up and down in the centre some light circular body, such 

bU empty beaker (s. a. 3). Show, by counting with a watcn, that 

number of times the water returns to a given position in a given 

le is greater in the smaller trough, and that the two numbers are 

.ersely as the square roots of the troughs' radii or diameters. 

LOW, by hanging a bullet from a thread (s. a. 3), having the length 
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of the trough's radios that the water motion in case (b) is at the same 
rate as the pendulum with hoth troughs. Examine the motion of 
the water in case (b), and show that a nodal ring is formed nearly at 
one-third of the radius &om the circumference, and that the vertical 
motion at the centre is nearly double that at the circumference. As 
the wave's path is from the centre to the circumference and back, 
show that the rate of wave progression is directly proportional to the 
square root of the wave length. 

Ai/r Motion in Mass. 
Vortex Rings. 

9. Fill case (s. a. 4) with smoke or chloride of ammonium in sus- 
pension. Hit the canvas at the back; and examine the motion 
general and internal of the vortex rings. Blow out a candle 20 feet 
off. Send one ring to overtake another, and notice rigidity. 

Partial Vacuum on Dispersion, 

10. Balance the piece of pasteboard (5a) on the point of the finger ; 
place the disc with the tube over it, and blow through the tube. 
Notice that the discs adhere together, showing that the dispersion 
of the air column in the tube when it naeets the lower disc and passes 
between the two is rarefied. 

Approo/ch caused hy Vibration, 

11. Float a toy air ball (s. A. 6) on clear water, and show that when 
a tuning fork which has been struck is brought near it the ball 
approaches the fork. 

Connexion l^tween the Volume and Density and the Pressure on or 

Tension of a Gas, 

12. Mercury is poured into the open end of the tube (s. a. 7) just in 
sufficient quantity to cover the bottom of the bend. The air in the 
shorter limb is then exactly at the atmospheric pressure. Any 
quantity of mercury is then poured in, and the difference in height 
between the two columns is measured. The pressure to which the 
gas is now subjected is the atmospheric pressure (for which the 
barometer is consulted) plus the pressure of the diffei^ence of the 
mercurial columns. The volume of the air, which may be considered 
as the length of the air column in the shorter limb, is found to be in 
all cases inversely proportional to the pressure. 

Heat liberated on the Compression and absorbed on the JEsypansionofAir. 

13. Fasten German tinder to the bottom of the wooden rod in 
(s. A. 8) and, placing the closed end of the tube on the table, tbrust 
the wooden rod down. After one or two thrusts the tinder will light. 
Put a drop of bisulphide of carbon on a pellet of cotton wool and roll 
it in and out of the tube, then thrust the rod down, the bisulphide 
will flash. Clean the tube and place in it a pellet of cotton wool 
moistened with water; push the rod down to about a quarter the 
length of the tube from the bottom. After a time pull it up 
suddenly. Clouds of condensed watery vapour will be formed. 

Propagation of Compression and Bamfaction through Solids and 

Liquids^ 

14. Arrange ** solitaire " balls or marbles (s. a.. 9) in a groove, and 
hit the row with one, two, or three, noticing the number which arr 
sent off from the other end. 

15. Strike tuning fork (s. a. 6) and hold its root on one end of a deal 
rod (s. A, 6), and place a board (s. a. 6) on and off the other end. Th?'' 
shows that the waves of compression and rarefaction travel along tl 
rod. 
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16. Fasten one end of the sand-filled tube (s. a. 1) to the ceiling. 
Fasten a piece of paper near the top. Send a wave of rarefaction up 
the tube by quickly pulling the free end. 

17. Fill tuDe (s. A. 11) with water. Strike fork armed with cork 
cone (s. A. 11), and plunge cone into water at top of tube. The sound 
heard shows the wave of compression travels through the water. 

SomfD Waves. 

Propagation a/nd Reflexion of States of GomvpresBion and Rarefael/Um 

through 4^, 

18. The tubes (s. a. 12) are fitted end to end. A watch is placed 
at such a distance from the ear as to be inaudible. The tube is 
placed over the ear and directed towards the watch. The ticking 
becomes audible. 

19. The tubes (s. a. 12) are supported horizontally at an angle of 
90° with one another. A watch is placed at the end of one, and the 
ear at the end of the other (the ends furthest apart), and screens are 
placed between the par and the watch till the latter becomes 
inaudible. A piece of cardboard or the hand or a flat flame is 
placed at their contiguous ends; making 45^ with each tube.' This 
makes the watch audible and proves the law of reflexion. 

Destruction ofSovmd Waves. 

20. The tubes (s. a. 12) are arranged horizontally end to end with 
an interval of half an inch between. The watch is placed at one end 
of one tube, the ear at the other end of the other tube, at such 
distances that the watch is faintly audible. A dry cloth placed 
between the tubes does not destroy the sound, a wet one does ; so 
does a current of heated air from a flame. 

21. A watch is loosely wrapped in folds of flannel till it is inaudible. 
A deal rod with board attached (s. a. 13) is thrust amongst the flannel 
till it touches the watch, which then becomes audible. 

22. A hand bell is heated over an air gas burner. At a certain 
temperature it ceases to ring when struck. 

23. A glass funnel (s. a. 15) is stopped at its neck and partly filled 
with a solution of carbonate of sodium. When struck it rings. Add 
a solution of tartaric acid ; the eflervescence causes a dullness in the 
sound. 

liefraxition of 8owad, 

24. A toy air-ball (s. a. 6) is filled with carbonic acid. This is 
made by putting some marble into the fiask (s. a. 16), putting in the 
cork, and then pouring water and hydrochloric acid down the straight 
tube. The air-ball is emptied of air and tied over the end of the bent 
tube. When filled it is tied off, and hung between the watch and the 
ear. The watch being two or three feet off" and the ball close to the 
ear, the loudness of the watch's ticking is increased. 

Formation of Notes, 

25. The humming top (s. a. 17) is spun on a hard surface. A card 
held against the toothed wheel. A note is produced, which 

wComes lower in pitch as the top moves slower. Air is blown 
rough the tube (s. a. 17) on to the outer and on to the inner ring of 
»les. The note produced by the former is always an octave higher 
sm that by the latter. 

Transverse Vibrations of Bods. 

26. Yerify the generalization that if the length of a rod fastened 
one end is I and its thickness, in the plane of vibration, is d, all 
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other things being the same, the number n of vibrations per second 
(or in a given time) is such that 

n varies as ~:^ and n varies as d 

or 

Clamp deal rod (s. a. 18) flatways (narrow face np) horizontally in 
the vice (s. a. 18) between two pieces of wood, so that 10 feet are free ; 
set it vibrating horizontally. .Adjust a pendulum bullet (s. a. 3) so 
as to oscillate with the rod. Adjust another ballet so as to oscillate 
twice as fast as the first. It will be found that the second pendulum 
will keep time with the rod (a) if th^ rod is 10 feet long and turned 
edgeways, (b) if it is made seven feet long and vibrates flatways 
(1(^=2 X 72 nearly). 

Cornbinaticna of MotionSm 

27. Fasten knitting needle (s. a. 19) in vice (s. a. 18), and fasten a 
bright bead on top of needle. View bead by light of one candle or 
one distant window. Strike or pluck in one direction. The bead 
will appear a straight line of light. While it is vibrating hit it in a 
direction at right angles to its motion and it will describe a circle or 
elHpse. Touch one side of it near the vice with a stiff feather and 
the ellipse will open and shut. Clamp the rectangular rod (s. a. 19) 
in the same way, and the flgures obtamed are parabolic, or 8-shaped. 
Touch one side with the feather and they vary. 

28. A bright bead being fastened to one end of the spring (s. A. 20),. 
the other is clamped at various distances in the vice, and various 
curves are traced out by the bead on the free end. 

,AnalA/8i8 of Vibrations by Sirmosities, 

29. Fasten the tuning forks (s. a. 6), which are a fork and itff 
octave, in the vice (s. a. 18), clamping them between two pieces of 
wood. Fasten with beeswax on to the two prongs on one side two 
little styles of quill cut to fine flexible points. Soak a little cotton 
wool in turpentine, put it on a stone and set fire to it. Hold a glas? 
plate (s. A. 21) over it till one side is covered with lamp-black. Set 
the two forks vibrating with the fiddle-bow (s. a. 21) and draw the 
smoked face of the glass across the styles, waved lines will be 
scratched on the glass ; and the higher pitched fork produces twice- 
as many waves in the same length as its lower octave fork. 

Transverse Vibrations of Strings {Wires), 

30. To show that the rate of vibration of a stretched string varies 
inversely as its length, other things being the same, fasten two simi- 
lar iron wires to the wood-screws of the monochord (s. a. 22). Pasi 
the other ends over the brass puUies and fasten equal weights in 
them, say 28 lbs., using the whole lengths of the wires from the fixea 
bridge to the puUies. rluck the wires in the middle, and the same 
notes will be given. Insert one bridge half way between the one 
pulley and the bridge, the corresponding string gives the octave 
higher than the unshortened string. Insert bridge anywhere in the 
other string. Makh one string half as long as the other, and the 
shorter string always gives the higher octave or twice as many 
vibrations in a second as the longer one. 
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81. To show that the number of vibrations varies witli the squsure 
root of the stretching force or weight, fasten two weights over the 
pnllies and let one weight be four times as great as the other. The 
wire with the heavier weight gives the octave higher than the one with 
the lighter -weight. And this is the case if the bridges are inserted 
anywhere, provided the two are at the same distance from the puUies. 

32. Combine results 30 and 31. That is, hang any two unequal 
weights from similar wire over the pullies, and use the whole len^h 
of the more weighted wire ; shift the bridge of the less weighted wire 
till the two give the same note. It is then found that if the wire A 
has the length I, and is stretched by the weight w, and the wire As has 
the length &, and is stretched by the weight Wi, then when there is 
unison, 

li h h h 

Verify this by altering the length of A. 

33. From the above equation find out the weight of a lump of iron 
which is fastened to one wire by obtaining unison on shifting either its 
bridge or that of the other wire, which is stretched by a known weight. 

34. Show that, other things being the same, the number of vibra- 
tions varies inversely with the- thickness of the wire. Obtain the 
relative thicknesses of two iron wires by weighing equal lengths of 
them, and tating the square roots of their weights ; vary the weights 
which stretch equal lengths till there is unison. Then find that the 
square roots of the stretching forces or weights are directly as the 
thicknesses. Or that therefore the stretching forces are as the squares 
of the thicknesses, i.e. , as the weights of the wires. Take equal stretch- 
ing forces and vary the lengths till there is unison. Then find that the 
lengths are inversely as the thicknesses. That is, verify the following : 
where n is the number of vibrations per second, I. the length, s the 
stretching force, d the thickness of the wire, and w the weight of a 
given length. 

»i varies as ^^ 
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«3 varies as ^~2j 



or if there is unison so that %— »2 

^ =: 1 ^ ^^»^ 
na y/s^d 

or^^s:-^ 
(^2 di 

° d^^^d,^ 
or A-*i 



35 To obtain the relative diameters of wires of dissimilar metals, 
'iffh equal lengths and take the square roots of the weights and 
rtde these numbers by the respective specific gravities of the metals, 
ne specific gravity is got by dividing the weight of any piece of the 
aetal^ the amount of weight it loses in water (that is by the weight 
fan equal volume of water). 
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36. The ordinary musical scale (unequal temperament) is as follows 
for any octave where n is the number of vibrations per second of the 
lowest note (tonic) : — 

ITote, Second. Major, Fourth. Fifth. Major, Major; Octave. 
Tonic Third. SiztL Seventh. 

9 5 4 3 5 15 o 

gn ^n ^n ^n ^n ^^n 2i» 

If the middle is taken as having 256 vibrations a second, the 
eight complete notes from this to its higher octave are — 

ODEFaABC 
256 288 320 341-3 384 426-6* 480 512 

If the middle is taken as 264 the numbers are — 

^ D E P a A B C 

264 297 330 352 396 440 495 528 

Divide the monochord (s. a. 22) scale, whose length from the fixed 
bridge to the peg or pullies is, say, I, into intervals of the lengths, 

z, h % h h h ^h h. 

9 5' 4' 3' 5 * 15 2 

Then whatever be the stretching force, these lengths, when the 
moveable bridge is placed at the corresponding marlS, form a scale. 
The full length may be tuned by turning the peg or weighting over 
the pulley till it is in unison with a known fork, say A* 

Nodes in Strings and Bods. 

37. Slightly stretch, and rigidly fasten in a vertical position, the 
two ends of an empty caoutchouc tube (s. a. 1). Shghtly pinch 
(damp) the middle and pluck the tube at a qu^ter from bottom ; on 
taking away the damping fingers a node remains there. Damp the 
tube at one-third and pluck at one-sixth from end, two nodes are 
formed and so on. 

38. Use the stretched monochord wire instead of the tube. Place 
paper riders at every one-eighth of the wire's length. Touch the 
second one with a stiff feal^er and gently pluck the wire where the 
first is. The third, fifth, and seventh will be thrown off, while the 
second, fourth, and sixth remain. 

39. Fasten a tuning fork"(s. a. 6) upright in a vice (s. a. 18), tie a 
piece of cotton to the top of one prong, prevent its slipping by a 
little wax. Carry the thread over a smooth ring of wire and fasten 
a weighed cardboard tray to the pther end. Let the two prongs of 
the fork and the thread be in one plane. Load the tray, and move 
the ring to and from the fork ; or, keeping the ring fixed vary the 
weight till, when the fork is bowed, there is only one segment, that 
is, the thread swings as a whole. Keeping now the length the same 
make the weight (reckoning the tray) only a quarter as great ; two 
segments are formed. If the weight be one-ninth as great there will 
be three segments ; if one-sixteenth there will be four. 

If the string be at right angles to the fork's two prongs the seg 
ments formed are always twice as numerous as in the former cases, 
if the lengths and weights are the same as before. 

40. Hold deal rod (s. a. 18) upright in hand, and by tilting th- 
hand to and fro less or more rapidly, make one or more nodec 
Mark the places of the nodes and measure the segments ; notice tha 
the last division swings free, and is about half a segment in length. 

41. Out (s. A. 23) a strip of window glass about one inch wide, and an; 
length I (about six inches) and lay it across two parallel strings at sucJ 
a distance apart that each string is at quarter I from the end. Faste 



the strings to the glass with a little drop of wax in the middle of the 
glass. On hitting the glass in its ceniace a note wOl be prodticed 

resulting from the formation of one segment of length ^ in the middle 

I I ^ 

and two free half segments, each equal r** Since all these swing 

together the note may be considered as formed by an elastic rod of 

length 2 fastened at one end (the node). Referring to 26 for the 

number of vibrations of a rod, and to 36 for the relative numbers of 
vibration in the gamut. 

9 
In this gamut n2=:^i, for the next whole note 

o 

9 Zi' ^ 'V 9 
Similarly for the next whole note 



^^=^v1 



And so on. 

Calculate these len^hs and cut strips of glass accordingly* Sup- 
port and fix them with wax in a row on two horizontal threads 
making an angle with one another. Compare the motion of such 
bars with that of the water in a rectangular trough (s. a. 3) when the 
central line is elevated and depressed. 

42. Hold fork (s. a. 6) horizontally and bow it ; scatter sand on it. 
All is thrown off. Bow it near the root. A shriller note is produced, 
and some of the sand rests in a line — a nodal line — about i of the 
fork's length from the end. Prove by monochord that the two notes 
are nearly as 1 : 9 (number of vibrations per second). . 

43. Remove clapper from hand bell (s. a. 14) ; fix it vertically upside 
down in vice (s. A. 18). Hold a pellet of sealing wax, the size of a 
pea, hung from a silk thread up against the edge of the bell. Bow 
the bell and move the pellet round, finding the four nodal points and 
the four regions of greatest motion. Nearly fill the bell with water 
and bow. Notice regions of comparative rest, and of disturbance. 
Move quickly in and out by the hands two opposite sides of an 
elastic wire (s. a. 22) hoop. Notice nodes and segments. 

Beats, 

44. Clamp two similar tuning forks (s. a. 6) in vice (s. a. 18) or 
screw them into board (s. a. 10) or mon6chord (s. A. 22). Load one 
near its root with a threepenny piece stuck on with wax. Bow both 
forks. Notice beats. Change threepenny for a sixpenny piece. The 
beats become more frequent. Move the coin higher up ; the beats 

)ecome still more frequent. 

46. Determine rate of loaded fork with monochord (s. a. 22), know- 
.ng that of unloaded. Show that the number of beats per second is 
3qual to the difference between the numbers of vibrations per second 
f the two forks. 

46. Increase the load on one fork till harshness or dissonance 
dsues. Again compare rates. 

Langiivdinal Vibrations, Solids, 

47. Clamp between edges of wood in the vice (s. a. 18) in the middle 
id horizontally the brass tube (s. a. 24). Rub one end longitudinally 
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with wash-leather (s. a. 24) covered with powdered rosin (s. a. 24), 
Hang a pellet of wax touching the other end. Observe how it is 
thrown off. 

4B. Let two glass tubes (s. a. 24), one twice as long as the other^ be 
held, each in the middle, between finger and thumb, and let one end 
of each be rubbed with weit flannel longitudinally. The longer tube 
produces the lower octave of the shorter one, A wavfe of compression 
has to travel twice as far from the end to the centre and back in the 
former as in the latter case, and therefore takes twice as long, and 
accordingly in the same time re-appears and hits the air half as often. 
Prove this by stretching equally two pulley wires of the monochord 
and moving the bridges till the one wire is in unison with the one 
tube, and tiie other with the other tube. The wires are then found 
to be in length in the ratio of 2 : 1. 

49. Take equal lengths of deal and oak rods (s. a. 24) ; hold them 
in the middle and rub ends with rosined leathers. The note from 
the oak is the deepest. Out (s. a. 25) pieces off the oak rod till the 
notes are in unison. Measure the lengths. The lengths are in the 
proportion of the rates of progression of the compression wave in the 
respective rods. Because the compression has to travel from the 
end to the centre, and back again, in order to beat the air once to 
produce one sound wave. - 

50. To find the actual rate, tune by cutting, one of the rods to a 
tuning fork of known rate (No. of vibrations per second). This is 
best done by augmenting the sound of the fork by holding it over a 
resonant jar or cavity (see below 54). K the fork gives n vibrations 
to and fro in one second and the rod is in unison with it, the com- 
pression in the rod must travel from the end to the centre and back 
(that is, equal to the whole length of the rod) n times in 1 second. 
Assuming sound to travel in air 1,100 feet in 1 second, it travels in 
deal about 16,000 feet in a second. 

51. Hold two similar wooden rods, on^ in the middle, and the other 
at a quarter its length from one end. Set both in longitudinal 
vibration, rubbing the shorter end of the second, octaves will be 
produced. The second rod will have a node at a quarter its length 
from the further end. 

62. Wrap a piece of thin iron wire (s. a. 22) tightly into a close 
spiral round the br^rss rod (s. A. 24). Hang the spiral by one end, 
and hang a little weight at the other. Note with watch the number 
of jumps the wire gives in a few seconds when pulled out. Vaty its 
length and the weight. Compare with half longitudinally vibrating 
rod clamped in the middle. 

63. Fasten rigidly both end? of the wire spiral of 52, slightly 
stretched and vertical. Set the middle moving up and down. Also 
damp the middle and pull the centre of the lower half gently down 
and release it. The middle forms a node. Obtain two autonaatic 
nodes in a similar manner. 

Open and closed {at one end) Tubes* 
54. Fasten a piece of glass tubing (s. a. 26) about 18 inches long 
vertically. Fit a cork into the bottom. Through the cork pass a 
narrow piece of glass tubing. Fasten one end of a piece of vulcanized 
caoutchouc tubing about 3 feet long (s. a. 1) to this. To the other end 
of the elastic tubing attach the neck of a funnel (s. a. 15). Support 
the funnel on the filter stand (s. a. 26). Let the funnel be a little above 
the top of the tube. Fill both with water. Sound the highest of the 
three forks (s. a. 6). Hold it over the upright tube, depress the funnel 
till the fork's note is greatly augmented. Lift the funnel up and down, 
and fix it when the augmentation of the fork's note (resonance) is 
greatest. Mark the height of the water in the tube exactly. Out the 



tabe with a file (s. a. 25) about I ioch below mark. Grind it down 
on a wet hearth stone exactly to the mark. Gut and grind down several 
glftBS tabes of this same length. Make cape for the tubes by cutting 
round discs of cardboard as large aa the outside of the tubes, these 
discs can be stuck on to the ends of the tubes with beeswax. 

55. Show that if a fork resounds with a tube closed at one end of 
length I, it will resoond with a tube open at both ends of length 2 /. 
To show the latter, fasten two tubes together by an inch of India. 
rubber tubing (b. a. 26). 

56. Show Chat if a fork resounds with a tube of length I closed at 
,one end it will resound with tubes closed at one end whose lengths 
are 3 I, 5 i, 7 I, etc. 

57. Show that if a fork resounds with a tube open at both ends of 
length I, it will resound with tubes open at both ends whose lengths 
are 2 2', 3 1\ 4, V, etc. 

58. Show, as far aethe forks at disposal will allow, that if a fork 
reaonnds with a tube closed at one end, those forks will resound with 
^the same tube whose notes are the next octave but one, the next but 
^.hree, and so on, above the first fork. 

59. Show that if a fork resonnds with an Open tube all forks will do 
BO whose notes are higher octaves of the first. 

60. Admitting that for all notes — 

, , . . , number of feet traversed in 1" 
wave length in feet ^^ 



number of waves generated h 
and admitting that the resonant tube closed at o 






ir, knowing the 

r column cloaed 

, (6) deduce the 

length, assuming the rate of propagation to be 1,100 feet a 

second, and knowing the pitch of the fork ; (c) deduce the pitch of 



nnmber of vibrations of a fork and the length of the a 
at one end or open at both, which resounds with it 



) rate of propagation and the length of the 



the fork, knowing 
resonant column. - 

61. Heat a closed tube, which resonnds with a given fork, over an 
air-^as flame. Show that it uo longer resounds. Invert the tube and 
fill it with coal gas. It no lon^r resounds. Use apparatus in 54. 
Get the tube when containing air to resound to a fork ; fill it with 
carbonic acid <s. a. 16) by dis^acement ; show that the column must 
be shortened to resound and compare len^hs. This should verify 
the generalization that when d is the density, 

rate varies as y/d. 
Effect of Bdative Motion httmmn Origin of Sotiind and Ear. 

62. Paeten a whistle (s. a. 28)inoneendof a caoutchouc tube about 
6 feet long. Sound the whistle by blowing into the other end. Whirl 
the tube round while continuing to blow, and notice the alteration 
of pitch at different places. This is best heard at a distance. 

Bingiag Flamet. ' 

63. Draw out a piece of glass tubing till the opening at the end is 
bout as wide as a pin. Fasten to gas pipe, place vertically, and light. 
leduce the flame to the height of about ^ to ^ inch. Clamp over it a 

"lass tube so that the Same is about a quarter of the tube's length op 
te tube- The air in the tube will give a note. Place asimilarjetand 
ibe side by side witb the former one. Provide each tube with a little 
tiding tube of paper bo as to be able to alter the lengths, obtain 
erfect unison, and various beats. Show that the singing of the flame 
nmediately begins if the voice is pitched to the note which the 
unes would give. Also start by a consonant tuning fork. 
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Artificial Larynx. 
64. Grind off the top of a glasB tube (s. a. 26) in! two planes at an 
angle of about 60°. Stretch across the top two pieces of yulcanized 
oaoutchouc (s. a. 29) in such a manner that there is a slight crack 
between them, bind the caoatchoucon to the tube with silk and blow 
through. ' 

APPARATUS AND MATERIAL fob ELEMENTARY 
EXPERIMENTS in SOUND and WAVES. 

I. Three similar yulcanized caoutchouc tubes each about \ inch 
wide and 12 feet long. One filled with sand and tied up at the ends« 
A piece of similar tubing 6 feet long. 

a. A long narrow wooden trough 4 feet X 6 inches x 6 inches caulked 
with marine gilue, and painted inside. Preferably with one long face of 
glass. A block of wood 5f inches x 4 inches X 4 inches, with handle 
perpendicular from middle of one long face. Balls of wax mixed 
with iron filings so as just to float. 

3. Two cylindrical zinc troughs about 2 feet and 18 inches diameter, 
and 18 inches deep. A rectangular trough 2 feet x 1 foot X 18 inches. 
Silk thread, leaden bullets. A beaker with bottom about 3 inches 
diameter. 

4. A box about 18 inches cube, one side removed and replaced by 
sail cloth nailed tight on. The seams of the box made tight by paper 
pasted on the inside. A circular hole in the opposite side of the Sox 
to the canvas. The hole can be covered by a plane piece of card- 
board. Two holes, side l^ side on one side of the box, into which 
pass glass tubes bent at right angles, the other ends of which pass 
through corks in the necks of two flasks, one containing ammonia 
and the other hydro-chloric acid. 

6. Two air-gas burners with tubes. 

5a. Fasten a tin or glass tube, \ inch diameter, to the middle of a 
circular plate of tin-plate or cardboard about 6 inches in diameter, 
with a hole in the middle on which the tube fits. A circular piece 
of cardboard somewhat less than the disc. 

6. A toy air ball, the larger the better. Three tuning forks, two 
alike and one an octave higher. 

7.' A glass tube about \ inch internal diameter and 50 inches long, 
smoothly and as flatly as possible closed at one end. The tube is bent 
into two parallel limbs at a distance of about 10 inches from the closed 
end. It is fastened to an upright board upon which are ruled 
horizontal lines -^th inch apart. Bnough mercury to fill the tube. 

8. A stoul glass tube about ^ inch internal diameter and 6 inch long, 
closed at one end by a cork which is made air-tight by sealing wax. 
A cylindrical wooden rod just passing into the tube, wrapped round 
at one end with silk thread till it just fits the tube. The silk is oiled 
or covered with glycerine. A piece of German tinder. A little 
bisulphide of carbon. 

** 9. A dozen marbles or " solitaire " balls. 

' 10. A deal rod, any shape, 12 feet long, covered with list, hung 
from threads or clamped horizontally. A square thin deal board, not 
cracked, about 2 feet square. 

II. A glass tube about 18 inch long and \ inch wide, closed at one 
end, is fastened perpendicularly by a little wax to the board (in 10) 
wluch is supported on three corks. The tuning fork (6) has a little 
cone of cork fastened to one face of one prong, by beeswax. 

12. Two tinned iron tubes, each about 3 feet long and 4 inches 
diameter ; the end of one fits into the end of the other. 
^ 13. A pointed deal rod, about 6 inches long, fastened to a square 
light deal board, 5 inches square. 
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14, A hand bell, the larger the better. 

15. A gla^s fnnnel about 4 inches in diameter* A cork to fit its 
neck. A clamp or support for the funnel. Carbonate of soda» tar^nc 
acid, ■ \ 

y 16c A 1 lb. flask, fitted with a cork through which pass air-tight (a) 
a straight tube reaching to the bottom with a funnel at the top, (b) a 
tube bent at right angles, ^hich just ppbsses through the cork. Pieces 
of marble. Hydrochloric acid. 

17. A large humming top with a smooth button driven into its peg. 
Filled with sand and closea. Besting upon the body of the top »id 
fastened to it is a horizontal disc of thm iron plate, having 200 or 
300 teeth in its circumference. Also two rings of holes near the cir- 
cumference. One ring having twice as many holes as the other. A 
piece of quill glass tubing bent to 135^ at one end. 

18. A deal rod, about 12 feet long, 1 inch wide, and i inch thick. 
The ratio of width to thickness should be. very exact. A table vice. 

19. A round knitting needle. Some hollow silvered glass beai)s* 
A square steel rod, about 8 inches long, and ^ inch square. A 
rectangular steel rod, about 8 inches long ; one side to iKich, the 
other ^ inch. The ratio should be very exact. 

20. A straight piece of clock spring, about 1 foot long, is softened 
in the middle in tbe flame of an air-;gas burner, and t^^isted so that 
the planes of the two parts are at right angles to one another. 

21. A fiddle bow. oome sheets of glass, 3 inches x 4 inches. 
Some oil of turpentine. 

22. Monochord, etc. An inch deal board, 3 feet long, 9 inches wide. 
Two pieces of wood, 6 inches x 1 inch x 1 inch, screwed on across 
ends to form supports. Three long wood screws driven in obliquely 
(slanting outwards) at one end at equal distances. . At the other end, 
opposite one screw, is a pianoforte peg, at an angle of 4$. Opposite 
the other two screws are two brass ptdlies (window blind pulHes) on 
stems which are driven in at an angle of 45®. A bridge, that is, a 
triangular wedge of hard wood, 9 incheis long, i inch wide at base, 
and as high as the pullies. This is screwed from below across the 
board about 3 inches from the wooden screws. Three other little 
movable bridges about 1 inch long, as high as the pullies, are pro- 
vided. A variety of weights and hooks. A pair of pliers. Several 
yards of iron wire (pianoforte wire) of different thicKnesses. Brass 
wire, some of which has the same thickness as some of the iron wire. 
The ends of three pieces of wire are twisted into loops and passed 
over the screw heads. One of the other ends is passed through the 
pianoforte peg which is then twisted round by the pliers. The other 
two have loops twisted in them, and passing over the pulliek carry 
weights. A sheet of paper is gummed to the board having lines at 
every inch, and thinner ones at every -^th inch. Mark with the 
line beneath the pullies and at the pianoforte peg. 

23. A sheet of window glass. 2 square feet of i)atent plate glass. 
A glazier's diamond or steel wheel glass cutter. 

S^. Several round deal and oak rods, 6 feet long, i inch diameter. 
One brass rod or tube i inch diameter, 3 feet long. Glass tube, 
i inch diameter, 3 feet long. A square foot of flannel. A piefee of 
Tash-leather. Some powdered rosin. 

25. Small hand saw. Small triangular file. 

26. Twelve feet stout glass tubing, f inch internal diameter. , A 
ew inches of \ inch tubing. A filter stand and a retort stand. A 
ew feet of vulcanized caoutchouc tubing, i inch 'internal diameter. 

27. A dog whistle without the pea, 

^ 28. A few square inches of thin vulcanized sheet caoutchouc. 
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SUBJECT Vm.— ELEMENTAHY EXPBBIMENTS IN 

LIGHT. 

N.B. — The fvumbers between hraoTcets refer to the mtmbers in the list of 
cuppa/roitua and material, s. X. eignifiea sownd d^a/ea^, j>. 10 ; 
L. A. light a^ppa/roitvs, p, 19. 

Bov/rcea of Light. 

1. Show that most sources of artificial light are processes of com- 
bustion giving rise to water and carbonic acid. Hold for a* few 
seconds dry bottles (l. a. I) over flame of candle, gas, lamp, &c. 
Notice deposition of water. Turn the bottle over, add a table- 
spoonful of lime water (l. a. 1), put in stopper, shake up, and notice 
formation of carbonate of calcium. 

Gomparative Lurrdnosity cf Sot Bodies. 

2. Hold air-gas burner (s. a. 6) sideways and drip powdered quick- 
lime through the flame ; also powdered salt. 

3. Hold a piece of white earthenware in the air-gas flame. Notice 
no deposition of soot. Hold the same in a candle or in the flame of 
an ordinary fish-tail burner. Notice the deposition of soot. 

4. Heat red-hot in a clear fire in a dark room a piece of earthen- 
ware, having a dark pattern, such as the ** 'v^illow '* pattern. Notice 
that as long as the room is dark, so that the plate is seen by emitted 
Hght, you see a bright pattern on a dull background. Turn up the 
gas or light a candle. Seen by reflected light the pattern is dark on 
a bright background. 

Fhoaphorescence, Fluoreecence, amd Insolation. 

5. Eub together two pieces of loaf sugar in the dark. Also two 
quartz pebbles (** milk stones ")• 

6. Heat over air-gas burner (s. a. 6) a sheet of iron (l. a. 2) on a 
retort stand (s. a. 26), and scatter on it powdered fluor spar and also 
bone ashes. Notice the emitted light. 

7. Expose powder in glass tube of (l. a. 3) to bright light, then 
view it m the dark. 

Intensity. 

8. Fill smaller of tin trays (l. a. 4) with water, and pour into 
larger trav, showing that the depth is inversely as the area. Compare 
depth with intensity. 

9. Stencil (dab over with putty) two of the flasks (l. a. 5). Join 
the terminals of the battery to spiral of platinum wire, so arranged 
as to pass into the necks of the flasks. Place the two flasks in suc- 
cession over the wire, and show that the intensity of the light on the 
flasks or quantity^ of light on the unit of area is inversely as the 
sturface, that is, ipiversely as the square of the flasks' radii, that is 
inversely as the squares of the distances of the glass surfaces from 
the source of light. 

10. Make a tall rectangular pyramid of wire (s. a. 22). Stretch 
across the base three threads at equal distances parallel to one side, 
and three parallel to the adjacent side, so as to divide the base into 
16 squares. Fasten a square of wire around the pyramid half-way 
up, and tie two threads across it, bisecting the sides, thus forming 
four squares. At a quarter distance from the top fasten a square 
around. All the squares are equal. 

11. Fasten a square of wire in a clamp, and place it in an other- 
wise dark room, naif way between a candle and the wall. Cut a 
square sheet of paper so as just to cover the shadow of the frame* 
Fold it across and across^ and it will flt the framQ itself. 
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Light Movea tn Straight Linee. 

12. Place a Btick verticallv between tlie Tiall and a long 
Inminons gas flame. Use tnoe for Bingmg flame. See Sona 
Notice that the ahadoir of the Bti<^ is sharply defined. Place 
or flame horizontally. Show penumbra. 

13. Make a pinhole camera. Ifake two pasteboard tubt 
rolling raeted paper on awooden cylinder, so that one fits insic 
other. For the wider tube, previously cover the cylinder wit 
paper. Cover one end of the wide tube witl^ tinfoil, and m 
pin-hole in the middle. Cover one end of the narrower tube 
tissue paper, and thrust this end ixi the wider tube. Line 
black paper. Notice pictures on tbe'tiasuo paper. 

PhototMiry. 

14. Shadow Pholomeler. — Place an opaqu^ rod of not less thai 
diameter vertically at about three feet from a white screen. F 
candle about two feet farther off nearly in the plane through th 
perpendicolar to the screen. Place another candle bo near thi 
that the two ahadowa are close together. Move one candle to-ai 
till the shadows are of equal depth, that is, are equally illumii 
Thebrighterlight will be furthest off. The illuminating po we 
in the proportion of the aquarea of the reapective distances froi 
screen. Confirm this by making a cluster of two or three ca 
cloae together at one place, and using a single candle of the 
brightness at the other. 

Tramparetiey Photometer. 

15. Soak a round spot of beeswax into a piece of white w] 
paper. Cut a circle out, leaving the wax in the middle. Paatt 

t wire rine about 4 in. in diameter, having a stem . 
Fasten the stem into a block of wood about 3 in. > 
X 2 in. JHwk on the side of the block a line just under the [ 
Mark on the table or on a board 6 ft. X 4 in. X ^ in. a act 
incbes and tenths of inches. Place at one end of the scali 
equally bright candles in an otherwieo dark room, and at the 
one alao equally bright. Move the paper until looking fron 
side the wax apot disappeara. Look from the other side, s 
neceaaary move the paper again. Take the mean of the reat 
The square of the distance from the single candle should be ha 
square of the distance from the two. Vary the number of ca 
at both ends and confirm. Compare the illuminating powe: 
flah-tail gaa burner with that of a candle- 
Dow <if Itefiexion. 

16. Faatenalittle whitened wooden stick with wax perpendici 
at the centre of a plane looking-glass. Cast upon the mirror i 
foot of the rod alwam of parallel rays from the lantern (l. a. ' 
sunbeam coming through a hole in a screen. Notice (a) th8 
reflected beam alwara makes the same angles with the mirrc 

' i) stick as the iucident beam does, and (&) that the incident I 
B stick, and the reflected beam all lie in one plane. 

17. Out of a wooden board (l. a. 9) cut a sector having an an 
". Leave a little wood in the apes to include the centre. Fas! 
<a as long aa the radius to a point tapering to one end npc 
Btor by means of a wood screw in such a manner that its thic 
pivoted to the centre of the sector and its pointed end mo^ 

IB circumference. At about half way down one side of the e 
ten in a vertical plane parallel to the other side a piece of sU 
vaa (l. a. 8) about 1 square inch, liaving its upper half clea: 
3 silver. Fasten a piece of silvered glass about 2 in. squar 
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vertical plane on the moyeable arm parallel to it and above the pivot 
facing the other miiror. Fasten a narrow straight tube of paper on 
the second side of the sector as far from the centre as the mirror on 
the other side ; let the tube be parallel to the chord of the sector's 
arc and be horizontal. It is directed to the half silvered mirror. 
Bring the arm so that the two mirrors are parallel. Mark with 0*^ 
the point where the point of the arm crosses the arc. Divide the 
arc into degrees. This forms a model of a sextant. One object is 
seen directly through the tube and through the plain upper part of 
the mirror facing the tube. By moving the arm, another object is 
seen after reflexion, first from the moveable and then from the 
fixed mirror. The arm being moved till these two images coincide, 
the ftngle extended between the object is equal to twice the angle 
read on on the scale. 

18. At one end of a piece of board 1 ft. long by 4 in. wide 
fasten by sealing wax a cork upright, through this pass horizontally 
a piece of glass tube about 2 in. long and i in. internal diameter. 
Stretch a vertical thread across the opening of the tube nearest the 
other end of the bo^u-d. Towards the other end on the same side 
fasten a circular sheet of cardboard divided into degrees, the 0^ being 
nearest to the tube and in the middle of t)ie board. Pivot in the 
centre of the circle two radial arms one above the other, one carrying 
at' its end a vertical pin, the other a central mark. The second 
carries a 2 in. square piece of silvered glass (l. a. 8) in a vertical 
plane perpendicular to the arm. The pin bearing arm being placed 
anywhere, the mirror bearing arm is turned till the reflexion of the 
pin is seen and coincides with the thread in the tube. Whenever 
this is the case, the reading of degrees where the pin is always twice 
as great as where the marked arm is. 

19. Fasten a piece of wood 10 in. x 1 in. X I in. with its 1 in. face 
along the middle of a board 4 in. x 1 ft. At one end of the piece 
fasten an upright 1 in. wide, 6 in. high, bevelled off at the top to a 
hprizontal edge. Bend two pieces of tinned iron plate 2 in. long 
1 in. wide into saddles so as to slide tightly along the central piece of 
wood. Upon one of these fasten a square inch of silvered glass 
(l. ▲. 8) ; upon the other a piece of glass of the same size blackened 
at the back. Make a transverse ink mark across both glasses in the 
middle. Carry down pointers from the saddles opposite these lines 
to a scale of lengths on the board beginning with at the foot of 
the upright vertically below the edge. Get the instrument perfectly 
level. Look over the edge and move the sliding mirror till the 
reflexion of an object high above the ground, such as the top edge 
of the wall of a room, coincides with the line on the glass. Measure 
distance from base of upright to index (a), from index to wall (&), 
length of upright (c), then if (h) be the height of the ceiling — 

a 

Multiple Beflexions. 

20. Out two pieces of silvered glass (l. a. 8) 4 in. X 3 in. Paste 
a calico on the back of both so as to form a hinge. Place lighted 
candle between the two and examine the number of reflexions. 
Place mirrors upright with hinge above centre of small graduated 

QAQO 

cirole and show that the number of images seen is —5 — 1 if a be 

the angle between the mirrors. 

21. Yiew a candle flame in a pieceof silvered glass held horizontally 
and notice that if the angle of incidence (the angle between the light 
ray and the perpendicular to the surface) is considerable, two images are 
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seen. The highest, that formed by the glass, becomes brighter as 
the angle of incidence increases. Throw a parallel beam from the 
lantern through a narrow hole (l. a. 7) and focus the hole ona.screen 
. by a lens (l. a. 7). Catch the beam obliquely on a piece of silvered 
glass and notice the two images. 

Cast the beam on a slab of plate glass at yarious obliquities, and 
notice the two families of spots of light, (1) those which are reflected 
and after more or less frequent reverberation escape on the same side 
as the lantern, and those which pass through jrfter more or less 
reverberation and appear on the other side. 

22. Blacken a sheet of plate glass on one side by holding it in the 
fiame of ignited oil of turpentine. Show that only one image of a 
flame is seen and only one spot of light is formed. 

Sujperpoaiiion of Images. 

23. Cover a lantern cap with tinfoil, remove the condensing lens, 
and place the cap on. Make pin-holes in the cap. For every pin- 
hole there is an image formed on the screen. Make the pin-holes 
more and more numerous, and near together, till the images over- 
lap and become confased. At last diffused light is produced, which 
is an overlapping of images. 

Dispersion, 

24. Put a candle at one end of a tube (s. l. 12), and screen off all 
light except that which passes down the tube,reflect this on to a screen 
by a plane mirror (l. a. 8). Breathe upon the middle of the mirror 
through a glass tube. Notice the dark spot produced on the screen. 

Reflexion from Ovi/rved Surfaces. 

25. Principal Focus. — Use one of the concave spherical mirrors of 
f(L. A. 13, 14, 15). Show in an otherwise dark room that if a candle is 
at twenty feet distance the light will be focussed to a point half way 
between the centre of the mirror and its centre of curvature. Catch 
the light so focussed on a small paper screen (l. a. 16). 

26. Spherical aberration. — Show that the light is more localised 
but less bright if the central part only of the mirror is used. Catch 
sunlight obliquely on the rim of a cup of inky water. Observe 
** caustic " curve, the cusp being half way between the edge and the 

•centre. 

27. Advance distant candle flame of 25 towards the mirror, move 
it up or down. Show that the focus advances to meet the light and 
that when the light is raised the focus is depressed, and the converse. 
Show that when the candle flame is at the centre of curvature there 
also is the focus. When the flame is between the centre of curvatur^ 
land the principal focus the focus of the flame is further away than the 
principal focus. When the flame is in the principal focus the re- 

5ted rays are parallel, or the focus is at an infinite distance. When 
9i flame is still nearer the reflected rays diverge, so that they cannot 
caught on a screen^ but appear to come from a point behind the 
Tor. Bepeat all these with a fish-tail burner, and notice the inver- 
1 of the image in all cases but the last. Notice that in all cases where 
3al image is formed the flame and the image may change places. 
7hen a real image is between yourself and the mirror show that the 
*ge can be magnified by a lens. (Astronomical reflecting telescope.) 
!o. Cast parallel beam on convex surface, notice its dispersion, 
ace deduce virtual, upright, diminished image. 

R 2061, B 
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Transmission and BefracHon, 

29. Place a coin at the bottom of a basin and place the basin so 
that the coin is hidden by the edge. Pour in water till the coin 
becomes visible. 

30. Stretch a wire across opening in cap of lantern (l. a.. 7). Focus 
shadow of wire on screen. Interpose strip of glass (l. a. 17) in front 
of wire and tilt the strip. Notice displacement of part of shadow. 

31. Fill cell (li. A. 18) partly with water, cast half shadow of wire 
through it as in 29. Place cell obliquely. Partly fill all with 
bisulphide of carbon, then add water. Let the shadow pass partly 
through the bisulphide, partly through the water, and partly above 
the water ; twist the cell. 

32. Focus on the screen a small circular hole in the cap of the 
lantern. Introduce wedge of glass and show that the spot is moved 
towards the base of the wedge. Let the first face of the wedge be 
oblique to the beam. Put the second wedge with the first, face to 
face and base to base, so as to form a single wedge of double the 
angle. Notice the double displacement of the light spot. Put them 
edge to base ; notice the emei'gent beam is parauel to the incident. 

33. Place the cell (l. a. 18) before the lantern and focus it on the 
screen. Let the surface of the water be visible. Add a lump of ice 
on the water, observe the streakiness of the light. Add syrup, alcohol, 
and hot water, by a pipette. Pour the vapour of ether (l. a. 19) out 
of a bottle. Examine shadow of burning gas, red hot poker, and plati- 
num wire, through which a current of electricity is passing (l. a. 6). 

La/U) of Bef Taction. 

34. Employ the apparatus (l. a. 20). Cover up window all but a 
vertical slit in the middle. Half fill the trough with water. Let a 
beam from the lantern (l. a., 7) fall obliquely on the slit ; part passes 
above and part through the water. Place the straight edge on the 
top of the trough through the centre and perpendicular to the 
diameter. Measure by the T-square the perpendicular distance from 
the points where the two rays meet the semicircle to the straight edge. 
The ratio of these lines is constant wherever the lantern is placed. 

35. Add dry ether to dry bisulphide of carbon, about four of the 
latter to one of the former, till a part of the glass rod immersed 
disappears. 

Total Refraction. 

36. Place a coin in a round wine glass (white), fill the glass quarter 
full with water ; hold it above the head and look up at the water 
surface. Notice the reflection of the coin. Plunge an empty test 
tube (l. a. 19) into the water and notice the metamc appearance of 
the immersed parts. Fill the tube with water and observe the dis- 
appearance of the lustre. Notice the metallic appearance of a 
cabbage leaf when beneath the surface of water. 

37. Turn the side of the rectangular prism (l, a. 21) facing a cand 
Look through the other side and notice the reflection of the cand 
on the hypothenuse face. Look at an object interposing the rigl 
angled prism in such a way that its hypothenuse is jjarallel to tl 
direction of the light from the object. Observe inversion. 

38. Employ right-angled prism as camera lucida. Hold the prisi 
with its right angle edge horizontal. One face containing the righ 
angle away from the body and vertical, the other horizontal. Ple^ 
the eye just over the edge next the body. Notice inverted reflection 
distant objects, also paper beneath. Draw outline of object on pape 
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39. Determine prinoipal focus of a double convex or plano-convex 
lens. This is done by measuring distance from lens where the focus 
of a distant point or image of a distant body, say sun or moon, is 
formed with a lens. 

40. Make a series of experiments similar to those of 27, that is, 
examine image of fish-tail burner when the burner is 20 feet off. 
Catch the image (close to the principal focus) on a screen (l. a. 16) on 
the other side of the lens. Notice the image is smaller than the 
flame and inverted. Advance the burner towards the lens. Observe 
the image grow in size, and retreat from the lens. When the flame 
and its image are of equal size they are eauidistant from the lens 
(this corresponds with the flame and image, both being in the centre 
of curvature of the concave mirror). Advance the flame nearer ; the 
image increases and retreats. When the flame reaches the principal 
focus the refracted rays are parallel, or the focus is at an infinite 
distance. Nearer yet, the rays after refraction diverge, and would 
meet if produced on th^ same side of the lens as the flame. Hence 
deduce magnifying property of common lens when held near the eye 
ornear an object. Show that the image and object may always 
change places if there is a real image. Being on the same side of 
the lens as a real image, magnify the image by a hand lens. (Astro- 
nomical refracting telescope.) 

41. Verify the formula — 

1_1_^ ^or/- ^ 
7 a h a -h 6' 

If/ is the principal focal distance, a the distance of an object, imd 
h that of its image, all measured from the centre of the lens. 

Spherical Aberration ofLetises. 

4i2, Cut a cardboard disc as large as a lens, cut a ring of holes near 
the circumference and also a ring near the centre. Fasten the disc 
on to a plano-convex or double convex lens. Examine by sunlight 
or parallel rays from the lantern. Catch refracted beams on screen. 
Move screen away from lens. The outer ring of spots are the first 
to cross one another and form an image. Further away the inner 
ring of beams coincide, forming an image. The outer ones having 
crossed form a ring of spots. 

Model of Eye* 

43. Fill 8 oz. flask (l. a. 5) with distilled water (eye ball). Cover 

one side half with black paper having a round hole in it (iris and 

pupil). Place slightly convex lens in front of hole (cornea and 

crystalline lens combined ; the latter outside the eyeball instead of 

inside). Place a lighted candle in front of the hole (object) ; catch 

(inverted) image of candle on paper screen behind globe (retina). 

Move the candles a little away from ^lobe. The image becomes 

^*^ 'distinct. Eestore it by interposing another convex lens (cure of 

^ sight). Bring the candle near to the globe till the image is 

stinct. Interpose concave lens to restore the clearness (cure of 

't sight). 

, Properties of Eye, 

If. Blind 8pot. — Make two dots on paper two inches apart. Close 
left eye and bring the right one over the left spot. At a distance 
bout 6 inches the right spot becomes invisible. 
. Bti/ration of Images. — Whirl round smouldering end of string. 
J cardboard circular disc, and fasten it on humming top (s. a. 17). 
kcken two quadrants. Notice grey hue when the top spins.* 

B 2 
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Fasten brass wires of various shapes projecting from bottom of upper 
axis of top. Notice appearance of cups and vases. 

46. Irradiation, — Pass electric current from 4 Grove's cells through 
thin platinum wire (l. a. 6). IN'otice the wire appears thick and 
laminated. View it through various coloured glass. Observe how 
its thickness appears to diminish. 

Anailysis amd Synthesis of White Light In these EuBperiments the Sim 
' Light is used where available instead of the Lam,tem, 

47. Put cap with wide vertical slit on the lantern ; focus slit on 
screen by lens. Interpose beyond lens an equilateral prism with its 
refracting angle vertical. Let the slice of light fall upon the first 
face of the prism at such an angle that the average light in the prism 
is parallel to the base. Notice the image is fringed with red light on 
one edge and violet on the other. Employ a sKt about -^ inch wide. 
Notice the whole of the image is coloured : violet towards base of 
prism, then . blue, green, yellow, orange, and red. (Formation of 

, 'spectrum.) Turn prism on a vertical axis tjll the deviation (total 
refraction of the spectrum) is least. Catch spectrum on second 
-equilateral prism, so placed that the bases are towards the same 
parts, and that the second causes the minimum deviation of the light 
from the first. Notice increased length of spectrum. Turn the 
second prism round, so that its base is towards the edge of the first, 
and the two contiguous faces (and therefore the other two vertical 
faces) are parallel. Notice the synthesis effected by the second prism 
of the spectrum produced by the first. Interpose an opaque plate 
with vertical edge between the prism, first towards the base and 
then towards the edge of the first prism. Notice the residue of 
colour in the spectrum. Introduce between the prism slowly with 
its refracting edge vertical a glass wedge (l. a. 17). Notice the 
removal of a coloured hand towards the base of the interposed wedge, 
and the residual colouration of the spectrum. 

48. Paint disc of cardboard in segments of violet, blue, ^een, 
■yellow, orange, and red : fasten it on top (s. a. 17) and spin. Notice 
4e blending of the colours by retention of images into a grey. 

49. Focus horizontal slit on screen and interpose trough (s. a. 24). 
Leaving one cell empty. Fill one with water,, the next with alcohol, 
the next with turpentine, the next with benzol, and the last with 
bisulphide of carbon. Push the trough along so that the slit of li^ht 
anay fall on each in succession. Notice (a) the increased refraction 
of the spectrum as a whole, and (&) the increased elongation of the 
spectrum. 

Golowr. 

50. Make a solution of sulphate of copper, 2 of sulphate to 20 of 
water (l. a. 22). Add ammonia tiU the precipitate is re-dissolved. 
Place solution in glass cell (l. a. 18). Focus a round hole in lantern 
cut on screen. Interpose above solution. Notice pure blue colour. 
Interpose red glass either before or after the cell. Notice total 
extinction of light. 

51. Employ slit on lantern \ inch wide. Focus on screen. Inter- 
pose glass cell (l. a. 18), containing a solution of permanganate o: 
jpotassium (l. a. 22). Observe rich purple colour. Make the solutioi 
as strong as possible so that the colour is distinct. Analyse the lighi 
by a prism, note pure red and blue bands. Take a narrower sUt. 
Analyse the light first by a prism and then, beyond the prism, interpose 
the permanganate solution.' Dilute the solution and notice the bands. 
Try in the same way various transparent coloured liquids which you 
nuiry have, both organic and inorganic, including diluted blood. 
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62. Paint sheets of cardboard with various brilliant colours. 
Send the light in an otherwise dark room upon these, and catch 
reflected light on white sheets of cardboard, 

63. Use the bisulphide prism (l. a. 25) to produce a long spectrum 
of ,a slit on lantern cap. Pass through the spectrum (a) the glass 
ceil containing as many coloured transparent solutions as you have. 
Notice the ghadow of the cell. Pass through the same spectrum 
various coloured opaque bodies, such as flowers. 

54. Sprinkle salt on the wick of the spirit lamp (l. a. 26) ; view 
flowers and other coloured opaque bodies by this light. 

55. Put a few copper turnings in a test tube, add a little nitric 
acid. Hold the tube causing the coloured vapour before the slit ; 
analyse by the bisulphide prism : notice the black bands. 



SUBJECT VIIL— APPARATUS AND MATERIAL FOR 
ELEMENTARY EXPERIMENTS IN LIGHT. 

1. One pound of quick lime. Two four-ounce stoppered bottles. 
Slake a piece of lime the size of a walnut, shake it up with water in 
one of the bottles and let it stand till clear, forming lime-water. 

2. A few ounces of fluor spar (Derbyshire spar), an ounce of 
phosphate of calcium (bone ashes). A sheet or iron plate, about 
1 square foot. 

3. Three sticks of sulphur. Powdered burnt oyster shells. A 
Hessian crucible with cover. Mix powdered oyster shells with half 
the weight of sulphur (1 oz. ^ oz.) Heat in the crucible in the fire 
white hot. Take out, let cool, powder and seal in glass tube. The 
powder is an oxysulphide of calcium. 

4. Two tin trays, water-tight, one X square foot, the other square 
6 inches. Each 4 inches deep. 

5. Twelve round-bottomed wide-necked flasks, 1 lb., 8 oz., 4 oz., 
and 2 oz. Three of 4 oz. Six of 2 oz. 

6. A battery of 4 platino-zinc cells, with nitric and dilute sulphuric 
acid. Por the setting up of this battery see apparatus for Experi- 
ments in Electricity. A piece of thin platinum wire about 1 f ootlong. 

7. A magic lantern with a condensing lens capable of throwing a 
nearly parallel beam. Several caps with round holes in them of 
various sizes. Also slits from J inch to -^ inch. A hand reading 
glass or double convex lens. About 2 feet jMrincipal focus (see 38). 
Several other lenses ; one plano-convex, another plano-concave. 

. 8. A plane looking-glass ; better without the frame. A square 
foot of silvered glass varnished at the back (for cutting up). 

9. A deal plank planed on both sides f inch (for cutting up). 

10. Three square feet of tinned iron plate, one for cutting up. 

11. Twelve square feet of tin foil. 

12. Half an ounce of nitrate of silver. 

13. Out out with a point of glowing charcoal circular pieces from 
spherical glass globe (bolt head). Smooth the edges on a wet 
indstone or hearthstone. 

14. To silver Olass, — ^Dissolve 154 grains of nitrate of silver in 17 
id ounces of distilled water. Add ammonia until the precipitate 
•med is nearly re-dissolved. Filter and add distilled water so as 
make the whole 34 fluid ounces. This gives solution A 31 grains 
nitrate of silver aare dissolved in 34 fluid ounces of boiling distilled 
bter, dissolve 23 grains of Rochelle salt in a small quantity of 
iter, add it to the boiling nitrate, boil till the precipitate formed 
-^omes grey. Filter and Slow to cool. This gives solution B. To 
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silver a glass object it must be perfectly clean. It should be rubbed 
-with strong nitric acid. A stick is dipped in the acid and rubbed on. 
The acid is washed off and caustic potash is used ; this is washed off 
and alcohol is used. Finally, this is washed off "vyith distilled water, 
and the object is placed with the side uppermost which has to be 
silvered in a clean dish. While still wet, equal quantities of the 
solutions A and B are poured over the object and mixed. In about 
d hours, according to the temperature, the silvering is complete ; the 
hotter the quicker ; the slower the better. The object is taken out 
washed, the superfluous silver cleaned off, dried ; the silvered side 
may be varnished. Or, if the coating be thick, the silver surface 
itself may be exposed and polished with rouge powder on cotton wooL 
16. The pieces of glass in l. a. 13 are silvered by the process in 
L. A. 14. Some on the convex and some on the concave faces. They 
are supported in wire claws grasping the edges. 

16. Stretch pieces of paper over wire hoops having wire handles. 
The hoops to be from 1 inch diameter to 8 inches. 

17. A strip of plate glass J inch thick. Two wedges of glass about 

1 square inch face and i inch thick at base. 

lo. A Olass Cell, — Cut a slab of plate glass 3 inches X li inches to 
form a base ; (a) cut 2 squares 2t inches of thin flat glass to form 
faces ; (&) cut 2 pieces of plate glass 2^ inches X ^ inch to form 
sides ; (c) cut one piece 2i inches X i inch to form bottom (d) ; with 
marine glue cement d upon a in the middle. Cement c upright at 
ends of 3 ; cement faces a. 

19. Two ounces of sulphuric ether. Two ounces of alcohol. A few 
test tubes. Two glass rods. 

20. A semicircular tin tray 2 feet diameter, 4 inch deep; a glass 
window i inch wide in centre of diameter. Painted black. Graduated 
in equal arcs on inside of semicircle, the 0** being opposite to the 
window. A straight edge and a small T square with scale. 

21. Two equiangular glass prisms. A rectangular glass prism. 
The larger the better ; not less than 1 inch face with the equilateral 
and li inches hypothenuse face with the rectangular. 

22. Square 9 mches of variously stained glass, several depths of 
pure blue, deep red, yellow, and green. Sulphate of copper. 
Permanganate of potassium. 

23. Two ounces isinglass, 3 ounces glacial acetic acid, mix eqtial 
weights to make a cement ; warm when necessary. 

24. Bimded Trough. — Cut two strips of flat glass 9 inches by 

2 inches. Grind two long edges off at 30°. Cut seVen equilateral 
triangles of glass 1 inch side. Cement the strips together maldng 
angle of 60° and insert triangles in ends, and also intermediately tO 
make compound trough with the cement of 23. Bind together and 
renew cement with quill feather. 

25. Make a Bisulphide of Ga/rhon Prism. — Grind off the ends of a 
stout glass tube 2 inches long (s. a. 26) obliquely at 60"*, so that the 
edge of their intersecting planes is at right angles to the axis of the 
tubes. Make a drill. Soften the end of a triangular file by heatinf 
it and letting it cool slowly. Grind, on a stone with water, and hon. 
with oil, the point into an acute rectangular pyramid. Harden b^ 
heating red-hot and quenching in water. Bore with this, using 
little turpentine in hole in the side of the above tube. With some 
of the cement of (l. a. 23) cement two very smooth sheets of glass 
(Microscope plates) to the two oblique ends. Fill the tube through 
the hole with bisulphide of carbon ; cork up and glue over. 

26. A spirit lamp. Copper turnings. 






K.B, — The iMimhere between hraclceU refer to the rmnbere in (Ae UsU of 
apparatug andfiiaterial. s, a., signifies eoimdapparat/ns, p. 10; a. L. 
stffmfies light ofparaiKS, p. 19 ; s. h. sigmfiea heat apparaiua, p. 30. 



1. Flunge one hand into hot w»ter, the other into ice-cold water. 
Flange both into Inkewann waiter. Kotioe that the cooled hand 
feels warm and the wwrmed htmd cool. 

Heat op Conductiof. 



2. Cat a roand hole in a sheet of tin plate (l. a. 10), exactly lorcre 
enongh to let a round bottomed 4, az. flask (l. a. 5) pass throogn. IiU 
the flask with boiling water ; it will not pass through, till the plate has 
got warm. Stretch a long piece of jilatinum wire between metalUo sap- 
ports. HeatithymeanHofaKalvaniccnrrent (l.A. 6). It becomes alack. 

3. Fit with corks the necka of the three 4 oa. flasks {L. a. 5), Fit 
tightly into the corks three narrow glass tubes open at both ends. Fill 
bhefiaeks with water, alcohol, and oil of torpentme respectively. Fash 
in the corks till the liquid stands in each at the same height. Fnt 
ill three to the same depth into a vessel of warm water. N'otice 
that the expansion of the glass causes a momeatary sinking of the 
Itqoids I that ultimately the espausioas are very diflbreat. 

4. Fit a 2 oz. flask with a tignt cork through which a tabe passes, 
the other end of which is bent down and then up at the end. Olamp 
the fl&sk so that the end of the tube dips under water in a basin. Fill 
% teat tube with water and invert it over the end of the tube. Warm 
the air in the flask and collect the expelled air in the test tube. 

5. Fit tightly a cork through whioh a straight tube passes into the 
oeck of a 2 oz. flask- Tom over and pass the tube through the cork 
in the neck of a wide-mouthed bottle containing coloured water. 
Warm the flask with the hand so as to expel some of the air and let 
the liquid rise in the stem. (An air thermometer.) 

6. Fasten two such, flasks together wr-tight by a tube bent six 
times at right angles and containing some enured liquid i 
in the middle bend. Show that the liquid moves if one j 
laek is warmed more than the other. 

7. Solder together side by side a brass and L 

[h. a. 1) , each about 2 feet long. Hammer the compound wire straight 
tnd notice how it bends when heated. Fuse a piece of platinum wire 
through the side of a glass tube, and notice that the glass does not 
:rack on cooling. 

8. Fit corks and bent tubes into two flasks as in 5. Fill one tube 
ivith air and the other with coal gas. Cover equally in the same 
vessel with hot water. Collect espelled gas in two test tabes full of 
Tater. Show that the quantities driven oat are aearly equal. 

Force of Expansion. 

9. Place a hermetically sealed tube (£. A. 2) in a basin, cover it with 
cloth and pour hot water on it- Notice it bnrst. 

Thermometer. 

10. Flace thermometer amongst pieces of melting ice. Also in 
wiling watOT. Note the temperature 0° C. and 100*^C. (32" F. and 
112° F.). Add a little salt to tne ice and to the water; note again. 
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Maximim Density of Water^ 

11. Notice that ice floats in water. Close in the air-gas flame, soften 
and blow a small bulb on the end of a glass tube. Fill the bulb with 
water and put it in a mixture of ice and salt. Observe bulb burst. 

12. Fill a flask with mixture of ice and water, fit in neck well- 
fitting cork with long narrow tube till water stands at a certain 
height in tube. Observe how it sinks as the ice melts. 

13. Cool a flask in melting ice ; fill it full with ice water (the water 
from melting ice), fit in cork with tube, well fitting till liquor stands 
in tube. Allow to get warm. Notice shrinking followed by expansion. 
Eepeat the experiment, and observe the temperature of the water when 
its volume is least ; show that the temperature is 4-4° C. (39 * 2° F.). 

ConduGbion m Solids, 

14. Wrap a piece of paper smoothly around a brass tube (s. a. 24) 
and hold in air-gas burner. The paper is not scorched. Wrap the 
paper around a wooden rod of the same size, and heat ; the paper is 
scorched. 

15. Twist together at one end an iron and a copper (h. a. 6) wire. 
At about four inches from the joint fasten on both with beeswax a 
marble. Heat the joint in an air-gas flame. Notice that the marble 
on the copper is the first to fall. 

16. Place a cylinder of metal (h. a< 7) on the air thermometer 
(h. a. 6). Notice height of liquid in stem. Heat copper cylinder 
(h. A. 7) in boiling water, dry it and place it on the first cylinder. 
Wait two minutes. Note the depression. Kemove the cylinder and 
restore the temperature. Perform the same experiment with other 
metal cylinders, always using the same copper one as a heater. Notice 
the difterence of depression "with diflerent metals. Cut cylinders of 
wood, cork, &c. and show that they arrest nearly all the heat. 

17. Make a short coil of stput copper wire (h. a. 5), i inch internal 
diameter. Pass it over the wick of a candle without touching the 
wick. The candle is extinguished, 

18. Turn on but do not light a gas jet. Hold over it a wire gauze, 
and light the gas above the gauze. Notice that the flame does not 
strike through. 

Conduction, Liqmds. 

19. Put a piece of ice in the bottom of a long test tube, weight it 
down with a piece of lead. Add water above. Hold obliquely and 
boil the water over an air-gas flame without melting the ice. 

20. Set the flat part of the air thermometer (h. a. 6) perfectly 
horizontal. Clamp the flask (h. a. 6) bottom downwards, close to 
and exactly parallel with the top of the air thermometer. Leave an 
interval of about ^ inch. Fill the space between the two in succession 
with water, alcohol, mercury, turpentine. Notice the height of the 
water in the stem. Pour a known quantity of water of a known tem- 
perature into the upper flask, and note the depression which occurs 
in a given time when various liquids are between the glass faces. 

Conduotionf Oases, 

21. Examine shadow of red-hot poker. Notice that the heating o4 
the air as exhibited by its refraction extends a very little way down- 
wards, showing the air is a bad conductor. 

22. Place a little lime in the palm of the hand and bring the point 
of the hot poker upon it. The air amongst the lime refuses to 
conduct, and the hand is not burnt. 




lecbtOTer amall flame a Fouud-bottomed flask full of water 
into the water some Bolid colom'ing matter, like cochineal, 
dye, litmns, Ac. Notice how the hot and coloured water 

rsBten the end of ft candle on to a plate and light it ; smronnd 
ndle with water. Place over the candle a cylindrical glaea 
Notice the extinction of the candle. Repeat the experiment 
reduce down the centre of the cylinder a cardboard diaphragm 
that the oftndle continues to burn. Hold some emouldering 
paper near one side of the cardboard, and notice the direction 
ih the smoke moves. 

Seat QuanUty. Seal Tension owd Temperatiwe. 
iJompare two glasa cylindrical vessels in their capacity for 
Compare equality of level of water with equality of tem- 
:e. Compare quantity of water with quantity of heat Com- 
terationof level by addition and withdrawal of eqnal quantities 
sr with alteration of temperature by addition and withdrawal 
,. Compare eectional area or capacity for water with capacity 
.t. Notice pressure on bottom or on any surface at a given 
is proportional to the depth. Deduce that heat tension or 
■ature is only then proportional to heat quantity when capacity 
it is the same at all temperatures, &c. 

Seat equally (to about 150° G.) in an oil bath, the metal 
sra {h. a. 7) fastened to thin wires. Lay them simultaneonaly 
ike of beeswax i inch thick on retort stand. Notice the order 
Dg through of those which do so, and the depth to which the 

I^ompare in 25 and 26 unit of heat quantity with unit of water 

Spedfle Seat. 
Or ratio between ditference of heat quantity in a body between 
o temperatures, and the difference of heat quantity of the same 
; gf water between the same two temperatures. Or in any 
ange, asanmins heat capacity of water is the same at all ranges 
Boil an iron 1 lb. weight, with string attached, in water Wipe 
y dry and plunge in 1 lb. of water in a beaker glass at the air 
rature. Move the weight about and find the temperature 
in to the two. Neglect cooling eiTect of glass. Let T] be 
rature of iron (=100° C). Let Tj be temperature of water, 
be temperature of both. Then — 

Capacity for heat of iron T3— T a 

Capacity for heat of water Ti— Tj' 




Or specific heat of ir 



T,-T, 



m this by taking unequal weights and any other temperatures. 
)le, 5 ounces iron at 90° 0., and 6 ounces water at 60° C. Let 
ihe reenlting temperature — 

Specific heat of iron - 1 .'^'~^-- 
[fi'erential air thermometer (6), show that 1 lb. of water which 
.the atmospheric temperature, and has been heated by contact 
lb. of iron at 100°, is not so hot as the 1 lb. of water which waa 
' and has been cooled by contact with a pound of iron at the 
pherio temperature. Pour the water in the two cases into 
- glasses (r. a. 8), and plunge in the two air tiiermometer bulbs. 
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30. Shake tjp known weights at known but different temperatures 
of water and mercury, water and turpentine. Confirm by shaking up 
mercury and turpentine. The relative capacities for heat are inversely 
as the weights, and inversely as the range of change of temperature. 

31. Weigh exactly a beaker glass nearly full of finely broken glass 
at the ordinary temperature. Pour into this hot water of known 
temperature, stir up with the thermometer and observe the tempera- 
ture. Drain the thermometer into the glass and weigh. Let 

> 

Wi be weight of glass at temperature Ti 
Wa be weight of water added at temperature T2 
Kesultihg temperature T3 

Specific heat of glass="^j Xj ^Ti 

This should be about 0*19 or 0-2. 

32. Introduce this correction into the calculation of the results in 
30 as follows : Add to the weight of the water 02 times the weight 
of the glass. Thus using cold water and beaker and hot mercury. 

Let Wi weight of beaker glass at - Ti 

p, Wi ,9 water „ - Ti 

„ W3 „ mercury „ - Tj 

Resulting temperature - - - T3 

w.-^wiX 0-2 ^ T^-^Ti^ specific heat of mercury. 

Wi Tg T3 

33. Assuming that the capacity for heat of copper is the same at 
all temperatures (='0*095). Pind heat of a coal fire as follows: — 
Weigh beaker (wj, weigh water in beaker (w^) at Tj. Heat copper 
ball m fire till it is as hot as the fire. Take it out and immediately 
plunge it in water. Move it about till temperature of the two is 
constant (Tj). Weigh all together and deduce weight of copper W3. 
Let the heat of copper at first be T^. 

G 1. J. ^ A.AA.^ «?2 + WlX0*2 Ts—Tj 

Sp. heat of copper = * 096 = -^-^ — x ^n m 

W3 Ig— ±2 

, m _ W3 + Wi X ' 2/rn rn \ i^ m 

' • ' F096l^~^^'"" '^ "*" ^« 

One may assume that the tongs or hook employed in taking the 
ball out of the ^e gets about as hot as the water. Employ also a 
lump of glowing coke out of a coke fire. 

Let the heat unit be the quantity of heat necessary and sufficient 
to raise 1 grain of water at 0° C. to 1° C. 

Look at the question in this way : w^ grains of copper fall from 
a° to T2°, that is through {x—%)^ 0., and heat {w2+WiX0' 2) grains 
of water from Ti° to Ta^ that is through (T2 — Tjf 0. The Ws of 
copper accordingly give out (wj + Wi X ' 2) (Tj— Ti) heat units. 
Therefore 1 grain of copper falling through 1° would only give out 

w^-rwi X 0-2 Ta^^-Ti^ 
W3 a;°-T2° 

heat units. Now 1 grain of water sinking through 1 degree gives 
out 1 heat unit. Therefore, specific heat of copper (= * 095) = the 
above. Thence •deduce ixP. 

Latent Heat (a) of Water, 

34. Weigh a beaker glass Wi. Put some broken ice into it, allow 
to stand, drain off any melted ice. Wipe the outside and quickly 
weigh. Let weight of ice be W2. Pour into the ice about twice its 
weight of hot water, nearly boiling, of temperature Ti, stir up with 
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lermometer. Observe the teroperatnre T,, when all the ice is 
lelted ; drain the thermometer and weigh. Let the weight thence 
sdnced of the water added be Wj. Then Wj erains of water have 
mk from T, to T, or through T,— T, degrees. Therefore, 
9 {Ti— Tj) heat nnits have been given out. These have melted Wj of 
e and heated ir, of ice-cold water and m, of ice-cold glass from 0° 
> To, in doing the latter two (heating up water and glass) the; have 
nployed (wj + wj x 0'2) Ti heat vmits, AU the rest of the heat, 
wnely, therefore, to, (Tj— T.)— (wa+w, X ■ 2) Tj have been employed 
! simply melting the Wa of ice. To melt 1 grain of ice therefore — 
TOj(Ti-T,)-(to,+ to.xO-2)T, . , .^ 
' — * heat units 

-e necessary. This shonld be found abont 79. That is, seTenty-nine 
mes as much heat is required to melt a grain of ice aa is required 
I heat a grain of water through a range of 1° 0. Otherwise a grain 
' ice put into a grain of water at 79° will just succeed by melting 
I brii^ the whoU two grains to 0° C. The same of course is true 
' any other proportional quantities. 

"kdwx Speoific Seat ofMetdle by meams of Latent Seat of Water, as 
followt : 

35. Line a cup with flannel. Scoop a smooth round hole out of a 
imp of ice ; wipe the whole dry ; weigh flannel, cup, and ice 
igether. Quickly wipe and place in the hole one of the weighed 
letal cylinders (h. a. 7) which has been heated in boiling water. In 
in or twelve seconds take out the metal, wipe out the water, and 
eigh again. Let the loss in weight of the ice by melting be in 
rains ro'. Let Mi be the weight of the metal. Then m' X 79 is the 
imber of heat units given out by Wi of the metal in sinking through 

yf C. Therefore -- x0'79is thenumber of heat unite given out 
J 1 grain of the ntetal in sinking 1° C. Since 1 grain of water 
nking 1° C. gives out 1 heat unit. The specific heat of the metal is— 

w, 
ry with various metals. 

LaientBeat of Steam. 

36. Weigh on a pad of flannel a beaker glass or flask (w,). Weigh 
I the glass some water (joj) at the ordinary temperature Ti- Fasten 
to a flask through a cork in its neck a ^de glass tube having a 
UTOW end, bent twice at right angles. Heat the water in the flask 
U it boils briskly, and all the water condensed in the tube is driven 
rer. Hold, in flannel, the cold water so that the narrow part only 
' the steam tube is in the water. After one or t*o minutes withdraw, 
ike temperature, and weigh. Let temperature be Tj and increase 
'weight be Wj. Then toj is the weight of the condensed steam. 
ben TO] grains of steam at 100 have condensed to water at 100, and 
lis water has sunk to Tj. In the latter process {100 — Tj) TOj heat 
lita have been employed. The actual heating effect, however, has 
)en to heat w, H- Wi X ■ 2 of water from Ti to Tj, or (to,+WiX0'2) 
Ij — T,) heat units have been expended in this. Therefore — ; 

(wj +v>i X ■ 2) (T,— T,) - {100 — Tj) via heat nnits 
ere giTen out by the mere condensation without cooling of the Wj 
wns of steam. To condense without cooling 1 grain of steun 
cordingly — 

{ m,-1-WiX0-2)(T; — T,) — {100°— T;)«.3 
Wt 
at nnits are required. The number should be found nearly 537> 
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Otherwise one grain of steam in condensing would heat 537 grains 
1 degree, that is, give out 537 heat units and still be at 100° 0. 

37. The specific heat of turpentine can be found when we know 
the latent heat of steam. For if Wi be weight of glass containing Wi 

' of turpentine both at Tj, and if we pass steam in for some time and 
find that the temperature is raised to Tg and that w^ grains of steam 
have been condensed, then we know that in the condensation 
wz X 537 heat units have been given out, and in the sinking from 
100 to T, there were evolved (100 — Tg) Wa heat units, so that in both 
processes there were evolved w^ (637 — Ta) heat units ; these have 
heated Wi of glass from Ti to T^ and w^ of turpentine from Tj to T2. 
For the former (wiX0*2) (Tj— Ti) heat units were necessary. There- 
fore for the latter W3 (637--T2) — WiXO-2 (T3— Tj) were required. 
So to heat 1 grain of turpentine through 1° 0, there are reauired— 
ws (637 — Tg) ~ -M?, X 0*2 (T2— Ti) heat units 

w, (Ti- Ti) 
which is the specific heat. 

Latent Heat of other Vapours, — Twpentine. 

38. Boil turpentine in the flask (36) previously dried. First find 
boiling point of turpentine Ti. Then put in cork and tube ; pass the 
vapour of turpentine into weighed glass Wi containing weighed water 
W2, both at temperature Tg. After a time suppose the temperature 
to be T3 and the weight of condensed turpentine to be w^. Then the 
heat work done was to raise Wi of glass and Wg of water from T2 to T3. 
The heat units concerned are therefore (^2 + ""^! X 0*2) (T3 — Tg). 
These units have been derived from the cooling of the w^ grains of 
turpentine from Tj to Tg, or (^3 X sp. heat of turpentine) (Tj — T3) 
heat units, and from the condensation of W3 grains of turpentine. 
Therefore — 

(w24-WiX0'2) (T3-— T2) —WfiX sp. heat of turpentine X (Ti—Tg) 

is the number of heat units given out by the condensation without 
cooling of 1 grain of turpentine, that is, the latent heat of turpentine 
vapour. 

Heat absorbed or evolved by Chxmge of State. 

39. Surround with water of the same temperature the two bulbs of 
the differential air thermometer 6. Dissolve in the water around one 
bulb in succession, sugar, nitre, sulphate of sodium, salt, &c., and 
observe the absorption more or less of heat. 

40. Eemove the liquids, dry the bulbs from Experiment 39, and 
let water, alcohol, and ether in succession drop upon and evaporate 
from one of the bulbs. Observe the absorption of heat. 

41. Place a small cup of water, a watch glass on flannel. Stand in 
it with a little wax a lady's thimble. Put some ether into the 
thimble and blow over it with a pair of bellows having a tube 
fastened to the nozzle. The water will freeze. 

42. Notice the liberation of heat when a cold body condenses by 
contact the steam from -a kettle. Eefer to Experiments 34^8. 

43. Dissolve sulphate of sodium (h. a. 11) in water at a blood heat 
until the water is saturated. Pour off the clear into a clean beaker 
and cover carefully. Allow to cool ; stand in water. Surround the 
two bulbs of the air thermometer 6 with basins. Into one pour 
water ; into the other pour the solution of sulphate of sodium. The 
latter will solidify and give out heat. 

44. Freezmg Mixtu/re. — Show that by mixing powdered ice or snow 
and salt a temperature of— 22° 0. can be got. With chloride of 
ammonium and ice a temperature of — 16° C, with sulphate of sodiur 
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mperature of — 0'7° C, and with nitre and ice a tem- 
—5° C. Try tta man^ otter Baits as iu-e at disposal, UBins 
r parts by weight of ice to one of salt. Freeze distilled 
it tnbe when amrounded by on,e or other of these freezing 
Notice that the temperature shontd be O'' 0. So aorrect 
neters. 

Behaviour of Salt Sol/atitme on Lots of Seal. 
■■ boiling saturated solution of nitre. Obserrethe boiling 
iTelOO°0. Letitoool to atmospheric temperature. Notice 
ion of the salt. Pour off the clear into a flask and cool it 
Lting ice ; notice further separation of the salt. Ponr off 
r flask with thermometer, and Barround with freening 
table salt and ice. Still more salt separates, and the 
efaUs to —2PC., whenceforth it remains constant and an 
ohydrate solidifies. Remelt a part of this, weigh about 
r it in a weighed basin, and evaporate to dryness and 
1. There should be found aWout 11'2 per cent, of salt. 
Unte solution of nitre (about 5 of nitre to 95 of water), cool 
g mixture of ice and table salt with thermometer. Notice 
rtnre at which ice separates is below 0°C. Go on cooling, 
parates, and the temperature falls till the temperature 
PC, when it ceases to fall further, but the opaque 
e begins to be formed. Pour off the unfrozen into another 
at into the freezing mixture. Notice that it all solidifies 
Celt a portion and wei^h about 300 grains in a weighed 
orate to dryness and weigh ^ain. The percentage of salt 
he same as before, namely, 11-2. 

eneralise thai the lowest temperature attainable by the 
t andioeasafreezingmixture IB the melting or solidifying 
3 cryohydrate of that salt. 

Vapour Tenaion. 
t 'a barometer out of a tube 33 inches lon^ and | inch 
uneter by filling it with mercury and inverting into a cup 
. Pass over the barometer tnbe a wider alaaB tube fitted 
od the barometer tube by a water-tieht cork. Pass up into 
iter three or four drops of water. Notice the depreraion 
jury due to the vapour tenaion of the water. Pour hot 
een the tubes, and elightly inclining the two heat the outer 
ling to and fro heneaUi it an air-gas flame till the water in 
rahe begins to boil. Notice that then the level of the 
iside is the same aa that out. Bepeat the experiment, 
lol in the inner tube, note the greater depresBion at first, 
B that the water in the outer tube need only be heated to 
iie mercDry to atand at the same height inside and out. 
r the initial depression is still greater, and the requisite 
■e iB only 36=. 

BaiUng .- BiitiHaiion. 
leok of a Bmall fiask with cork oarryinga tnbe 2 feet long, 
it right angles at about 3 inches from one end, and again 
) of 136" at 18 inches from the other. Through the cork 
{ht also a thermometer. Over the far end place a small 
unded by ice. Place water in the firat flaak and heat to 

_. .Jbserve that the thermometer stands at 100° whether the 

albs be in the water or the steam. Repeat the experiment with 
tcohol and ether, hut in these cases place the flaak containing the 
Quid in a baain of water which is heated hy the flame. Notice that 
> alcohol boils at 78° C. and the ether at 38°. Observe that these 
"■peratures are the same as those in Experiment ^. 
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ReetyieaUon. 

48. Dilute some alcohol with its own volume of water and distil 
half over as in 47. Bend a long tube in a V shape, fix in a vertical 
plane, and pour from the undistilled part when cold enough to fill 
both limbs of the V tube one third full. Pour as much of the 
distillate down one limb and notice that the vertical heights of the 
surfaces of the liquids in the two limbs are unequal, the liquid in 
the limb containing the distillate standing the highest. 

Boiling under lessened Pressure, 

49. G-et a very well fitting, soft, long, and sound cork to fit the 
neck of a 4-oz. round-bottomed flask. Boil water in the flask till all 
the air is expelled. Remove burner, and cork, up the flask as nearly 
at the same instant as possible. Turn the flask over and ponr cola 
water on the top. Also immerse the corked flask in cold water and 
observe in both cases the ebullition under diminished pressure. , 

NaTwre of Swface, 

50. Show that if water is just beginning to boil in a glass flask 
platinum wire, chips of glass,, pieces of charcoal, and so on, cause 
increased boiling for the moment; 

Spheroidal State, 

51. Heat a silver or plated .tea spoon in the air gas flame, almost 
red hot ; turn out the gas and immediately drop into the spoon some 
hot water or cold alcohol or ether. Notice the spheroidal state 
maintain itself until the spoon cools, when there is contact and a 
burst of vapour. 

52. Mix a little soap solution in a large vessel (a pail) of water. 
Heat red hot the copper ball (h. a. 10) and plunge it in. Notice that 
the ball does not touch the water, a film of water vapour intervening. 
Take it out, it is still red hot ; plunge it in clean water and it is 
quenched. 

Begelation, 

53. Press together two pieces of ice under warm water. Notice 
how they stick together. Support a block of ice at its two ends, so 
as to make a bridge^ Pass over this a silk thread and an equally 
thick copper wire, at all four ends hang a four-pound weight. The 
copi)er will cut through the ice, the silk will not. Though the 
copper wire in an hour or so will cut right through the ice, the 
severed faces will stick together above the wire perfectly. 

Eabiaitt Heat. 
Lcm of Be/lection. 

64. Blacken the bulb of the air thermometer (Ex. 5) with lamp 
black. Arrange the two tinned tubes (l. a. 10) in a horizontal plan e 
at right angles to one another. Fasten in a vertical plane a tinned 
iron sheet making 45° with each as close as possible to their con> 
tiguous ends. Place black bulb of air thermometer at free end of one 
tube, and a large air gas burner or red-hot copper ball at the free end 
of the other. Notice the expansion of the air m the thermometer. 

55. Place two concave spherical mirrors (best silvered on the con- 
cave side), opposite to one another, 3 feet apart (the mirrors should 
not be less than 6 inches diameter), and having their axes exactly in 
the same straight line. In the principal focus of the one place a 
candle flame. In the principal focus of the other place the blackened 
bulb of the air thermometer. Notice the heat given to the bulb. 
Show that this eff'ect is not stopped by screening ofi* by a 2-square- 



icreea the direct radiation Avm the candle to the bulb, bnt it 
ipletel^ stopped by placing a piece of cardboard, as large aa 
F the mirror*, either Detweea the candle.and the nearest mirror 
or between the bulb and the nem-est mirror to it. 
Seplace the flame bj a red-hot copx>er ball ; also by a flask of 
^ water. 

Theory of Exchangee. 
Replace the soarce of heat iu 55 and 56 by a flask containing a 
ng mixture. Notice the bulb of the air thermometer ia cooled 
nub is now the source of heat relatively to the freezing mixture 

RefracUaa. 
Bmploy sun's light, if poBsible. If not, nse lantern. Obtain 
Lei beam : focns light, and show that heat is also focuesed to 
ame place by patting the black bulb of an air thermometer 
. Fill cell (i^ A. 18) with bisulphide of carbon (h. a. 11), add 
e till all the light is stopped. Notice that the heat still passes 
igh, and is foonssed in the sune place. 

Radiation. Nature of Swfaee. 

Employ tin-plate cube (h. a. 12). Smoke one face next to tabe 
tnrpentme flame, till it is thickly covered with lampblack. Paste 
I paper on another side. Bab a third with coaree sand paper. 
I the cnhe'on a retort stand (a. a. 26), fill with water, and heat 
an air-gas burner till it boils. Protect the flame by a tin-plate 
aey- FlBCe black bulb of air thermometer in succession at equal 
Qces from tho four faces, beginning with the bright one, and 

it there for the same time. Notice the different amounts of 
iBsion in the air thermometer. Return to the bright face, and 
ig let the liquid of the thermometer rise, paint tho bright face 
a solution ol isinglass (L, a. 23) in water. Observe that as soon 
B water is driven off by the heat the thermometer shows in- 
ed radiation from the covered snrface. 

Take four bright tin sancepana (s. a. 13), cover two thickly all 
with lampblack ; or glue some cloth over them ; or paint them 
with solution of isinglass, and dry. Fill one of the untoached 
and one of the covered ones equally withhot water of the same 
eratore. Z[ang the two up in a cool place. Fill eqnally with cold 
r the other two saucepans and hang them for the same time at 
ame distance above an iron plate, sapported on a retort stand 
leated hy an air gas borner. Aft«r half an hour notice ta) that 
B first pair the water in the bright saacepan is the hottest, i}>) 
B second pair that in tho bright one ia tne coolest. Prove by 
■ential air thermometer. 

Paste a piece of tin foil on a piece of cardboard and toast the 
■ed side before the fire or hold a red hot poker over it. Notice 
by reSecting the heat the foil protects the paper. 

Dew. 
. Coat with silver outside (t. a. 14) about 2 inches of the bottom 
test tube. Pit cork. Throi^h cork pass {a) a thermometer, 0) 
« reaching to the bottom and bent horizontally outside the 
(c) a stnught tube. Place a glass screen between the body and 
abe. Fasten nozzle of bellows to end of bent tnbe. Put two 
» of ether into the tube and fit in cork. Work the bellows so 
air babbles throagh the ether. Notice how thermometer sinks, 
let dew is deposited on metal snr&ce. llark temperature. Stop 
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bellows. Let dew vanish ; mark temperature. Do this several times 
and take the mean of the readings. Notice the reading of another 
thermometer in the air. Difference of readings is greater according 
as the air is drier. 

DiathervfM/ncy and Athermancy, 

63. Eepeat experiment 68. Substituting in the cell (a) a slab of 
glass, (&) water, (c) a strong solution of alum. 

Chemical Heat. Animal SeaU 

63. Repeat experiments 1 in Light, to show that the heat of flames 
is due to oxidation, generally of hydrogen and catbon. Blow air from 
the lungs into a bottle. Kotice the deposition of moisture. Shake 
up with lime water, and notice formation of carbonate of calcium. 

Heat of Friction. 

65. Notice striking of a match, explosion of a percussion cap, warm- 
ing hands by rubbing, scorching of wood by friction. Hammer leaden 
bullet flat and lay it upon flat part of air thermometer (h. a. 6) . Notice 
heating effect. Repeat experiments of Sound, 13. Blow air from 
bellows upon dry black bulb of air thermometer. Notice heating effect- 



SUBJECT VIIL— APPARATUS AND MATERIAL FOR 
ELEMENTARY EXPERIMENTS IN HEAT. 

1. A pound of soft solder. Pieces of zinc. Make soldering solution 
by saturating some hydrochloric acid with pieces of zinc. Moisten 
with this solution and heat the metals to be soldered together ; melt 
on a little of the solder, and hold the metals together tiQ the solder 
is set. 

2. Close a piece of glass tubing atone end, draw out the other end 
60 as to make a narrow neck. Pill up to neck with water, and seal off 
in air-gas flame so as to leave as small a bubble of air as possible. 
(Closing a tube by fusion of the glass is called hermetically sealing it.) 

3. Round table-stand adjustable for height. 
4 Ice. 

5. A mercurial thermometer graduated on stem from + 160° to 
— 30° 0. 2 ft. thick copper wire. 1 square foot iron gauze. 

6. Take one of the 2 oz. round flasks of L. a. 6, diy it, warm it ; 
heat the bottom till it softens over an air-gas burner ; press it on a 
flat surface of charcoal till the flat part is about as large as half-a- 
crown. Do another in the same way. Make of one an air thermo- 
meter, as in 5. 

7. Short cylinders of as many metals as possible, say iron, copper, 
zinc, tin, lead, bismuth. Each f inches diameter and i inch thick. 

8. A nest of small beaker glasses. 

9. A set of grain weights. And a balance able to turn with one 
grain when loaded with 10,000 grains. 

10. A copper ball about 3 lbs. weight, with copper eye and iron 
hook. Pire tongs. 

11. Sugar, salt, nitre, sulphate of sodium, chloride of ammonium, 
i oz. iodine, 1 lb. bisulphide of carbon. 

12. Solder together, to form a cube, six squares 5 in. each of tin- 
plate (l. a. 10), leaving a hole 1 in. diameter in one, to which solder 
a tin-plate tube 1 in. diam., 2 in. long. 

13. Pour pint bright tin saucepans with lids. 



JT DC.— ELEMENTAUY EXPERIMENTS IN 
ELECTRICITY AND MAGNETISM. 

nw»6ere in braeketa refer to the litt of opparatiM and 
!. (a. A.) signifies goimd apparatus, p. 10 j (l. a.) tignifiei 
'pairaius, p. 19; (e. a.) gignifies lieai apparatai, p. 30; 
A.) eignifieg eleetricai apparatus, p. 39. 

FRICnOMAL OB HlOH Tensiok Ei^ct&icht. 
Qeaerid. 
ntB in frictionfj electricitj succeed beat in the winter, 
mospbere is, on the Etrerage, drier. On frosty days best, 
r chauffer is very useful, or a brisk coal or ooko open 
reflecting stove is escellent, where the products of corn- 
carried away. AjipiU'atus for frictional electricity tnnat 
S, and should be heated by radiant heat till quite hot. 
ts, which carry moisture, the apparatus should be 
Ben the source of radiant heat and a screen reaching to 
No pains should be spared to ensure continual dryness, 
tnoe of a few people into a rooni in which experiments 
bly aucoeeded will in a few minutes cauae failure unless 
is maintained. 

Approadi and Bepulgton.. 
) lath (x. A. 3) upon the inyerted bottom of a round fiaak 
ch may stand on its neck, or the neck may be placed in 
leck of a wine bottle. 

th face of resin on hot dried flannel, and hold to one end 
tice approach. 

>nd hot sheet of brown paper with clothes brush (e. a. 5), 
ig round aide to end oilatb. Notice approach. 
logany bouvl (b. a. 12), and heat foreign-post paper 
■ t£e paper on the board with bottle caoutchouc (b. a. 7). 
>er off. Notice crackling and sparks in dark room. Lay 
ide of board, also on wall. Notice bow it olings: also 

fingers with pieces of vulcanized caoutchono tubing. 
ribbon between. Observe ribbon cling to wall, also 
Draw collodion film (b. a. 15) between dry fingers, and 
EkOtion to lath. 

amalgam (s. a. 10) upon silk robber (e. a. 9), warm 
and use wlme warm. Close one end of thick glass tube 
» feet long. Heat thoroughly, fiub amaJgamed silk on 
ickling is hewd. Show now electrified glass attracts 
Id le^ (e. a. 11), lath, &c. The silk rubbers improve 
yuse. 

ick of shellac (e. a. 17) with dry flannel (e. a. 1), and 
bstanoes used in Ezperiinent 2. 
ck of snlphar (e. a. 20), and repeat as in Experiments 2 

£ glass with amalgamed silk, also sealing-was with 
ace each in succession on wire stirrap (e. a. 19), and 
ead. Notice how each moves towards the hand when 

lat shellac or sealing-wax rubbed with flannel is attracted 
bed with amalgamed silk. 
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Two Kmds* 

7. Show that sealing-wax rubbed with flannel is repelled by- 
sealing-wax rubbed with flannel (one piece on wire stirrup), and that 
glass rubbed with amalgamed silk is repelled by glass rubbed with 
amalgamed silk. Show that sulphur rubbed with flannel is repelled 
by wax rubbed with flannel. 

8. Excite thin sheet of writing paper as in Experiment 1 on hot 
mahogany board with bottle caoutchouc. Cut it into strips as it lies 
with a sharp knife, leaving a band at one end, hang it from a thread 
festened to a bent pin. Notice how the strips repel one another. 
Bring near them a glass rod excited with amalgamed silk. Observe 
general repulsion. Observe attraction to excited sealing-wax. 

9. Touch top of electroscope (e. a. 22) with excited sealing-wax, 
sulphur, glass, &c., in succession, and observe increased divergence 
or collapse of leaves. 

10. Bleat glass very hot, rub with fur, and notice that the glass 
acquires the same kind of electricity as sealing-wax rubbed with 
flannel. Eub sealing-wax with gun-cotton (e. a. 23), and notice that 
it becomes electrified as wax rubbed with flannel. 

Conduction and IsoloMon. 

11. Fasten one end of a fine copper wire (e. a. 24) five yards long 
through the hole in the electroscope ; make a loop at the other end, 
place the loop over the glass tube, and having excited the tube with 
amalgamed silk, let the loop slide along the tube. Notice diver- 
gence of leaves. Use sealing-wax and flannel as above. Also replace 
wire by cotton thread, dry^ silk thread, and wet silk thread. 

12. Hold metal candlestick or poker in sheet of vulcanized caout- 
chouc, and beat it with flannel : show that it becomes electrified. 

13. Make isolating stool. Yarnish (e. a. 25) four strong glass 
tumblers. Place on the top the mahogany board. 

14. Stand on stool (Experiment 13), touch electroscope with finger*. 
Let the coat be struck by another person with a fur skin. 

15. Pae('te tin foil (l. a, 11) or Dutch metal (e. a. 11) on both sides 
of cardboard. Out out round discs of various diameters and fasten 
on to ends of sticks of shellac or thin varnished glass tubes. (Proof 
planes.) 

16. Use proof plane by touching in succession the bodies electri- 
cally excited in experiments 1 — 7, and then, touching the electroscope, 
determine which are +^^ and which — ^ electrified. Show that the 
proof plane when neutral will cause a partial collapse of the leaves 
however excited : that when electrified with the opposite land the 
proof plane may also produce partial collapse, total collapse, or the 
latter followed by divergence. 

/ Induction. 

17. Bring electrically excited body near to electroscope. Observe* 
divergence of leaves ; followed by collapse on withdrawal. 

18. Attach, by a copper wire, the electroscope to one of the bah 
(e. a. 26). Excite glass rod with amalgamed silk, and bring it ne8 
the ball. Arm finger and thumb with stalls of vulcanized caoutchou 
tubing and with them remove wire from electroscope. Show tha 
the leaves are diverged with + electricity. Perform analogouf 
experiment with shellac and test electricity. 

19. Hence use of induction test for kind of electricity. Charge 
by contact, the electroscope by means of proof plane with + or - 
electricity by using glass (with amalgamed silk) or sealing-wax (wit 
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. Bring near electroscope the TariouB bodies excited as in 
tents 1 — 7. Observe whether they are +''' or —'' ezcited by 
ig increased divergence. ITotice that a neutral body when 
ictroacope cansea partial collapse. 

at the nand on electroscope. Approach + electrified body 
iiaoTe the hand. Then remove the electriSed body. Kotioe 

> leaTCB diverge with ^ electricity. 

Loixd Analysis. 
;epeat experiment 18, bat remove the wire from ball instead 
electroaoope ; test electricity in ball and show that it la — 
y proof plime that the eleotricity in the ball is + if shellac is 

lace the two balls (b. a. 26) in contact with one another 
ixoited glass near one, remove the other, then the glass Show 

> ball nearest to the glass has — ", the other +", Show the 
e with aheUac. 

iring the excited glass near one side of an isolated ball ^ 

)) tonch the side nearest to glass mth proof plane. Show M 

1 plane becomes — ". Touch other side ; show that the plane 
B +". Tonch the hall momentarily anywhere with the hand 
imove the glass and show that the whole ball ia — " The 
e with shellac. 

lace the excited rod over the table or near the wall touch 
I with the proof plane and show that the plane becomes — " 
upport metal tea-tray on varnished tumblera. Just over a jet 
;hted gaa fasten two wii'es, one to the earth and the other to 
r. Let there he an interval of about one tenth of in inch 
I the wires. Excite hot brown paper with clothes brnib and 
nmediatel; on the tray — the gas will be lit. Put it oat and 
on again. Eemove the paper, the gaa will again be lit 

UkctropJioTog. 
jrange as in 25. After putting on the sheet of excited paper 
ho tray with the proof piano and show by the electroscope 
is negatively charged. Touch the tray with the finger Litt 
er and show that the tray is +'' charged, 
^ten a stick of sealing-was to the middle of a sheet ot tin 
aving smooth edges. Beat sheet of vulcanized caontohono 
r. Place tin plate, holding it by the sealing-wax, upon the 
zed sheet ; tonch the plate with the finger, lift and obtain 
.,j~^-. ^j finger. 

DTMHhution. 

28. Place a round disc of tin plate on an isolator {a varnished glass 
tumbler), charge it by excited glaas rod or shellac. Touch it in 

ccession in the middle and the edge with a proof plane and 
ipare by electroscope the amount* of electricity communicated. 
9. Isolate tin saucepan (h. i. 13), electrify the inside by repeated 
rges from a proof plane. Notice that a charge cannot be got from 

e inside unless the top of the proof plane proj acta out during contact. 

larges can be got from the outside, especially at the edges. 
0. To show that such distribution depends upon the induction 
h Burronnding objects, hang a metal covered ball (e. a. 26) by an 
th-connected wire close to the saucepan, inside it. The proof 
no can now be charged by touching the inside of the saucepan. 
opposite charge can be got from the hung ball. 




34 

Pomt Discha/rge. 

31. Electrify shellac rod or glass tube. Pass twice rapidly from 
end to end on opposite sides, at a distance of a few inches, a sharp 
needle held in the hand and pointing at the excited body. Notice 
how completely the body is discharged. 

32. Excite glass rod and let fall towards it a gold leaf. Notice how 
^the leaf is kept up. 

33. Fasten wire with a needle at the end to the -h^® conductor of 
the electrical machine (e. a. 27). Feel the wind from the point and 
blow out therewith the flame of a candle. Notice the difference 
when the needle is fastened to the --'® conductor. 

Electrical MacJivne. 

34. Study and test electrical machine with and without earth 
connexion to one or other conductor. Repeat as many of the previous 
experiments as possible with the electrical machine, especially such 
as were difficult to obtain with the excited gla»ss or shellac. 

Condensation or Accumulation, 

35. Fasten silk thread to two opposite edges of varnished glass 
plate. Lay earth-connected thin copper wire on table. Place 
sheet of tin foil on wire. Place the varnished glass plate, which 
should be about one inch larger all round, on the top of the foil. 
Place another piece of foil of the same size as the first on the glass. 
Pass another wire from the upper foil to the electroscope. Connect 
upper foil with the 4-^ conductor of the machine. Turn the machine 
till fethe leaves begin to stir. Remove the wire to the machine by 
means of the discharging tongs or other isolator. Crently lift the 
glass plate, with the tin foil on it^ by means of the silk handles. 
Observe the leaves diverge. 

36. Place mahogany board on varnished tumblers ; end of earth- 
connected copper wire on board, then foil, then glass, then foil con- 
nected with +'* conductor of machine, as in 35. After working 
remove earth wire. This may always be done with the unprotected 
fingers. Then remove wire to conductor. This may now be done 
with unprotected fingers. Lift up glass with upper foil. Test both 
foils and show that the upper is 4-^, the lower —^^ electrified. 

37. Repeat 35, with this difierence, paste both foils on to the 
glass, fasten a tongue of foil from the lower foil round the edge of 
the glass. Roll the free end round a varnished glass tube, which is 
laid upon the margin of the glass. By rolling the tube to and fro 
the distance between the upper and lower foils is made lesser or 
greater. On working the machine until a spark passes from one to 
other foil, notice the increased loudness of the sound and brilliancy 
of the spark. 

38. Charge electric jar (e. a. 29) by holding it in the hand and 
resting its knob against the -f^* conductor, using the electric gauge 
(b. A . 30) . Place the j ar on the isolating stool, Ex. 36. Show by proof 
plane that there is free -^"^ electricity on the knob. Touch the kno 
with the hand, show that there is free — '® on the outside. Toucl 
the outside ; then there is free 4-'® again on the inside ; and so on. 

39. Charge jar and discharge it by discharging tongs (e. a. 28). 
Notice that a second and a third discharge can be obtained (residua 
charge). 

Effect of Spark. 

40. Put a pinch of gunpowder on a metal plate, earth connecter" 
Charge a jar, connect its outer coating to the earth. By means ( 
the dischai'ger, let a spark pass from the inner coating into th 
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The powder is scattered. Hang a metal ball from o 
acharger by a P'ece of wet string, so as to decrease tl 
if the tongs. The powiier will be ignited, 
range jara as a battery. That is, canneot all theiT 
with one another and the earth ; all their inner a 
another and the +" conductor of the machine. I 
rio gange (e. a. 30). Stretch between two weights 
jlatinum wire on a card. Connect one weight wi 
Jy means of the discharger connect the other weigl 
' coatings. Notice deflagration of wire. 
When more than one jar ia discharged it is aafeat to 
le of the discharger to a long Tarnished glass tube, 
ilate all the jars bnt the last. Connect the outer coa 
rith the earth. Concoct the inner coating of the firi 
conductor of the machine; the outer coating of tl 
inner of the second ; the outer of the second with tb 
U7d, and so on. Notice bow quickly the battery ia c 
arrangement) and how imperfectly. 

Natttre of Discharge. 
a dark room illnminate the rotating coloured disc 
; top (s. A. 17) by a spark from a jar, notice that the i 
distinct (duration of spark). 

11^ the light from point of needle attached to prin 
I dark room. Also that from head of a pin. Boil a 
1 in water, add a crj]stal of iodide of notassinia (e. 
blotting paper with this solution, and hold the pap< 
of the pm. Notice coloration of paper (ozone). 
Mie a sheet of vulcanized caoutchouc on an earth-coi 
Foil. Beat the caoutchouc with tbe fur-skin. Drai 
laoutcbono with the knob of a +'' charged jar. Pla 
agamistnreof dry powdered red-load and sul^ihm-(B 
'er the caoutchouc. Notice the aelectire distribution 
lers. 

BeJatkm of Seat to Electricity. 
lid a lighted match over a -I-'' charged eleetrosooj 
^ charged one, notice the discharging effect of the n 
lat iron ball (e. A. 33) white hot in fire : take it 
hook (£. A. 33) ; show that at first it refuses to 
Ither of -t-" or — " electricity. As it cools, it first h 
le with — " and subsequently with +"" eiectricity. 
at white hot and take out of Ere, with conducting bo 
. (e. a. 33), bring it in succession to the same d 
■land —''charged electroscope. Show that at fir: 
listance it discharges both kinds. As it cools it 
ta power of discharging the —" charged electroscop 

Alnuiepherie Eleetrieity. 

49. Fasten a piece of paper to -I-" conductor of machine. 
oedle towards it. Observe collapse and repulsion. Covei 
f needle with finger. Notice repulBion and collapse cease. 

50. Pat the end of a long wooden rod in avamiahed glass t 
)ld it in a sheet of vulcanized caoutchouc. Fasten thin 
ire to rod and electroscope. Fasten sponge dipped in ale 

,he top of the rod. Light the alcohol. Bring the flame over 
istened to the prime conductor. Observe the loaves diverge 
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51. Bring a large isolated conductor (a packing box) on the 
isolating stool in contact with the prime conductor. Stand near 
the isolated conductor, holding in the hand a Wire just above a 
turned-on metal gas jet. Let someone take a spark from the prime 
conductor. A spark will, at the same instant/pasa to thegasjet 
and ignite the gas. 

Magnetizmg Effect, 

52. Lay a strip of tin foil on a sheet of varnished glass. Lay one 
piece of steel wire above and another below the foil, across it. Send 
several sparks from the battery along the foil. Notice the magneti- 
zation and test the polarity. 

Voltaic or Chemical Elecibicitt. 

Magnet Effect of Ownrent on Iron FiUngs* 

63. Set up three cells of a platinb-zine battery (b. a. 34). Connect 
poles by copper wire. Show that iron filings adhere to the wire. 

Deflexion of Needle. \ 

64. Make a magnet by rubbing one end of a two-inch long piece of 
steel ribbon on the N. and the other on the S. pole of a permanent 
magnet (b. a. 36, 37), slightly bend the strip in the middle and hang 
it from a thread horizontally. Mark the poles of the magnet. Set 
up battery as in 63. Connect poles by copper wire running N. and S. 
Hang the needle above and l^elow the wire. Also while the magnet 
is hanging change the connexions of the wire with the battery. 
Notice the direction in which the magnet turns in the four cases. 

EUcirO'Magnet. 

66. Place a soft iron nail at right angles to the wire close to it, 
above it, and also below. By means of the magnet of 64 show that 
the nail acquires magnetism as the current is passing. From the 
nature of its polarity deduce that the effect of the current from the 
platinum pole is the same as the effect of the spark from the +^ 
charged jar in 62. 

66. Wrap two yards of the copper covered wire (e. a. 36) int6 a 
hoop coil two inches in diameter. Flatten the hoop till it is about 
three-quarters of an inch wide. Support it on clamps in a vertical 
plane !N". and S. Hang the magnet, 54, in the middle of the coil by 
silk thread. (Gralvanometer.) Fasten two ends of galvanometer wire 
to flexible wires (spirally wound) and to each of these fasten some 
metal, using different metals simultaneously. Dip the pairs of 
metals into different liquids, such as dilute acids, salt solutions, and 
alkalies, and from the deflexion of the needle deduce the direction of 
the current. 

Current iyi Battery, 

57. Set up the battery as above N. and S. Connect the poles. 
Test by hanging needle the direction of the current in the battery 
itself. Thence deduce direction of current of single cell throughout 
its whole circuit. 

58. Make right-handed and left-handed helices as models. Make 
a flat spiral (in one plane) and show how it becomes a right or left- 
handed conical spiral according as its centre is pushed out one way 
or the other. 

59. Wrap covered copper wire round a poker from end to end in a 
right-handed spiral, and attach ends to battery. Examine polarity o ' 
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a-, keepingconneiioiiBiritlibatterytliesftiiio, reverse the spiral, 
jree in both cases the battery connexioris. Esamine polarity in 
case. Wrap the wire round the poker contiauouily from end 
id and back again. Again examine polarity. 
, Make an electro-magnet oat of a horae-sboe. 
. Cover four inches of glass tube three quarters of an inch in 
leter with covered copper wire wrapped to and fro. Snppor't it 
icftlly and send cnrrent through the wire. Bend a piece of 
id iron into a cylindrical tube half an inch in diameter and 
!e how it Bprings into the glass tube. 

Polariiy of Ooil. 

. Wrap a covered copper wire into a helix, bring the ends round 
Le the helix to tho middle, then through the helix and through a 
iork. On one oad fasten a pieee of zinc and on the other a piece 
ipper. Float the wholo on dilute sulphuric acid (1 : 12). Show 
the coil floats N. and S. and that one end is attracted and the 
r repelled by the K. end of a magnet. Deduce from thia that 
aoiarity of the coil is the same as that of the induced magnet 
[e. Conflrin this by examining the polarity of the coil of 61 
tho polarity of a rod of iron placed inside it. 

Allraciioii and Bepwlsion of Gv/rrmi. 

I. Make two flat spirals of covered copper wire. Connect one 
of one with one end of tho other. Send a current throngh both, 
ce that if the CTirrentB arc going the Bame way in both, when 
are laid flat on ono another, they attract ; if in opposite direc- 
i, they repel. 

L Make an open spiral of elastic wire. Hang it vertically. Let 
ir end juBt dip into a small cup of mercury which is in contact 
L one pole of battery. Connect the other end of the wire with 
ather pole. Notice the wire jump. 

Ohemieal Effect of OturrenL 

: Amalgamate b, piece of zinc (e. a. 34), place it in a beaker of 
te sulphuric acid. Place a sheet of copper near it. Kotice that 
e ia no action until the two metals are in contact either in the 
id or by metallic connexion outside. Observe bubbles of 
rogen rise from the copper. Let such a conple stand for a day 
wo and notice the solution of the zinc (as sulphate of zinc). 
I. Electrolyse slightly acidulated water in apparatus (b. a. 38) by 
iring the platinum foils with acidulated water, filling two teat 
iB with the same, inverting over the foils, and connecting the 
)or wires with the poles of the battery. Let the test tubes be of 
same diameter. Notice that twice as much gas is evolved from 
-f pole as from the — **. Examine the gaees, show that the 
Uer volume is oxygen by removing it and introducing a glimmer- 
Bplinter of wood. Show that the larger volnme is uydrogen by 
ting it. Bepeat the experiment, mix the gsaea, and explode. 

Polarwjufiow. of Electrodes. 

'. After electrolysing water, connect the platinum poles with the 
jinals of galvanometer, 56. Show that the needle turns in such 
ly as to show a current from the hydrogen to the oxygen. 
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Bhctrol/ysis. 

68. Electrolyse various solutions of metallic salts (sulphate of 
copper, nitrate of silver, sulphate of iron, acetate of lead, &c.), avoid- 
ing chlorides, show that the metal separates at the — ^ pole. 

69. Employ glass cell (l. a. 18). Form a porous diaphragm trans- 
versely down the middle by stitching together several thicknesses of 
blotting paper. Pour in, on both sides of the paper, solution of 
sulphate of soda, coloured with litmus. Colour one solution red by 
a drop or two of dilute acid. Into the red solution put the — ^* 
electrode, into the blue the 4-^®. Notice that the red becomes blue, 
and the blue red. Eeverse the poles and invert the effect. 

Magnetism. 

Directive Folarity. 

70. Take off keeper of horseshoe magnet and hang it vertically by 
a thread. It comes to rest nearly N. and S. Call the pole towards 
the N. the north- seeking, that towards the S. the south-seeking pole. 
Make a magnet out of a strip of steel as in 54. Show that this when 
hung up also points N. and B. Mark its poles as above, and show 
that like named poles attract and u^like repel one another. 

71. Scatter iron filings over the magnet and notice the accumula- 
tion at the ends. 

Bistrihvition of Magnetism in Magnet. 

72. Heat 4 inches of the steel ribbon red hot and quench it in 
water. This makes it brittle. Magnetize it as above and mark the 
poles. Break it in halves, quarters, eighths, &o. And show that each 
fragment is a perfect magnet and has as strong polarity as the 
original. 

73. Put a soft iron bar (a tenpenny nail) with one end in contact 
with one pole of the horseshoe magnet and show that the further end 
has the same polarity as the pole touched. 

. Goerdve Force, 

74. Compare the rate of magnetization of the iron bar in 73 with 
that of a hardened steel ribbon. 

Induction, 

75. Hang a number of iron wires of equal length from one pole of 
a magnet and observe how the other ends repel one another. 

76. Hang by a silk fibre a soft iron nail horizontally over the poles 
of a horseshoe magnet standing on its bend in a vertical plane. 
Bring pole of another magnet near one end of nail, and obtain 
repulsion if the pole of the moveable magnet is of the opposite kind 
to that of the fixed one. 

Relation of Heat to Magnetism, 

77. Heat red hot an iron ball in the fire, and show that it is not 
attracted by a magnet. Heat a magnet, 72, red hot and show that 
it loses its magnetism. 

MagneUc Gv/rves. 

78. Place the horseshoe magnet without its keeper beneath a sheet 
of cardboard. Scatter iron filings on the card ; observe the lines 
traced out by the filings ; show that each particle, being an induced 
magnet, arranges itself according to the fact that repulsion and 
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Taction vary iaversely with the square of the distance. E 
! eKperiments with one bar tn^net, alao with two (a) put wit 
lea in the same direction, and (6) with, unlike poles m the 
■ection. 

79. Fasten firmly with hot shellac a silk fibre to the middle 
^ce of nnmagnetiaed knitting needle. File ofi" one end ti' 
edle hangs horizontally. Magnetize it, and notice the dip. 
BO. Hold a poker in the magnetic dip, and in the ma{ 
iridian, that is, parallel to the magnetic asia of the earth, 
upper end with a hammer and show that it becomes ma^ 
such a manner that its K. seeking end is downwards, and to 
3 north. This shows that the magnetism at the North geogi 
le is south- seeking. 



JBJECT IX.— APPARATUS AND MATERIAL 
ELEMENTARY EXPERIMENTS IN ELECTRK 
AND MAGNETISM. 

1. Three square feet of flannel. Some skin with fur. 

2. A piece of resin. 

3. A light lath four feet long. 
i. Sheets of brown paper. 

t. Clothes brush. 

6. Thin writing paper (foreign post), 

7. Bottle caoutchouc. 
B. Collodion. 

9. Six aqnares, each sii inches square, of best black ailk, 
gether at the edges like a kettle holder. 

10. Melt half an ounce of tin in Hessian crucible (l. a. 3), at 
ace of zinc, and jnat melt, add four ounces of mercury. Scir 
oling (electrical amalgam). Waehlardinhot watertoremoTi 
y and rub np with above amalgam ; using -ae little lard as po. 
uep bottled. 

11. A book of gold leaf or best " Dutch metal." 

12. A square foot mahogany board. 

13. 3 lbs. shellac. 

li. A yard of white pure silk ribbon. 

15. Some collodion, that is gan-cotton dissolved in ctb£ 
johol (equal parte). Spread some on plate and let dry. 
IS. Vulcanized caoutchouc tubing 4 inch bore. (See also s, 
17. Melt or soften 1 lb. of shellac, and mould it into a stick 
iches long ; roll it between cold surfaces to smooth it. 

H th: 

19. Make stirmps of wire for holding rods of sabstances fc 

20. Cork up one end of a glass tube. Melt stick of ei 
A. 3). Pour into tube, allow to cool and push out. 

!1. Two or three sticks of sealing wax. 
U206I. D 
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22. JElectroscojpe. — Fit a cork into a narrow-necked 2 lb. flat- 
bottomed flask. Bore a hole J inch diameter through cork. Bore 
a hole through the edge of a penny piece. Solder a piece of stout 
brass wire 8 inches long to middle of coin perpendicular to its plane. 
Pass other end through cork. Warm wire and coat so thickly with 
shellac where the wire passes through the cork that the hole is quite 
filled up, the wire in the centre, the surfaces of the shellac quite 
smooth and the lower end of the wire reaching to the beginning of 
the neck of the flask. Out a strip of tinplate 1 inch long and i inch 
wide. Solder it on to the bottom of the wire at right angles to the 
wire, and in a vertical plane. File the lower edge sharp and perfectly 
straight. Moisten both sides of the tinplate with a very little thin 
gum. Cut between paper with sharp scissors two strips of gold leaf 
or Dutch metal f inch wide and as long as the leaf. Lay the gummed 
faces upon the leaf squarely so that one is on each side. Fit cork 
with wire, &c. in bottle. 

23. 1 oz, gun cotton. 

24. 10 yards fine copper wire. 

25. Make shellac varnish. Cover shellac for24Jaours with its own 
weight of alcohol (methylated spirit) ; dilute with two or three times 
as much spirit. Strain through flannel, keep bottled. Articles to 
be varnished should be previously heated, and the varnish applied 
while they ar^ hot. 

26. Two wooden balls 4 inches diam., covered with tin foil on 
varnished glass tube supports, on stands, so arranged that the balls 
may be made to rest in contact. Smooth wire eyes on the top of 
the balls. 

27. A cylinder or plate '^electrical machine," preferably the 
former, with both conductors isolated. 

28. Discharging tongs. A piece of gutta percha covered copper 
wire about 2 feet long, with leaden bullets fused on to the ends. 
This is bent in the middle like a pair of sugar tongs. See n.b. 41. 

29 . Electric j ar (Ley den j ar) . Paste tin foil on thick wide-mouthed 
glass jar inside and out, leaving 2 inches free from the top. Yomish 
the uncovered lip both ingide and out. Fit cork or wooden cover to 
the jar. Through the cover pass a stiff metal wire bearing a knob 
above and a chain or elastic wire spring below, which always rests 
upon the inner coating. Make six such jars. 

30. Fasten to prime (+) conductor a wire upright with a knob on 
.the top. Hang from the top of the wire by a cotton thread a pith 
ball, which rests against the wire. This is used when jars are to be 
charged. (Electric gauge.) 

31. 1 oz. gunpowder. 

32. Starch, iodide of potassium, red lead, muslin. 

33. Two iron balls, about 4 lbs. weight, with iron eyes. A long 
iron hook. A short iron hook fastened to an isolating handle. 

Voltaic Electricity. 

34. Set up PlatinO'Zinc Battery, — ^Amalgamate zinc plates by 
rubbing on them with a rag at the end of a stick dilute sulphuric 
acid and mercury. The outer glazed cells are fths filled with dilute 
sulphuric acid (1 of vitriol to 12 of water). The zincs are placed in 
these. The inner porous cells are nearly filled with the strongest 
nitric acid. The platinums are placed in them. The cells are 
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side by side and the ziuc of one cell is c 
m oF the nest, and so on. The last cell maj 
hnric acid, hut the zinc retained to Hnpporl 
wires are fastened to the two terminal metals 
ch be foor feet long. 

■ii yiirds " covered " copper wire, i.e., Bpnn ov 
L horseshoe permanent magnet about 4 inc 

L yard of steel ribbon (clock spring). 
'eU for Eleetrolysing Water. — Cut off short : 
Solder two strij^ of platinum foil 2 iuchi 
jper wires. Pass the wires through two hoi 
k of the funnel. Fill up with melted pan 
)f soldering ta-e covered ; tne foils are parallel I 
one another about one inch apart. The fumii 
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